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Editorial 
Enzymes and Templates in Bone Salt Formation . . . ALEXANDER B. GUTMAN 


Clinical Studies 
QRS Complex Deformity of Myocardial Infarction in the Human Subject 


Rosert P. GRANT AND RAyMonD H. Murray 


The authors apply vector principles to an analysis of the QRS complex deformities recorded in con- 
ventional electrocardiograms generally accepted as diagnostic of myocardial infarction. The 
electrical characteristics of the QRS complex are first considered in normal subjects, then in 
seventy-seven cases exhibiting typical “infarct Q waves.” From this analysis comes a reformula- 


tion in electrical terms of the Q wave criteria currently designated as diagnostic of infarction. The | 


authors then proceed to a study in 190 cases of the effects of infarction on the QRS electrical field by 
comparing postinfarction with preinfarction tracings compiled from the routine electrocardio- 
graphic files of a number of hospitals. While many limitations in the diagnosis of myocardial infarc- 
tion by conventional technics are made apparent by the authors, the current criteria do not, on the 
whole, fare too badly in this searching analysis. Nevertheless, the whole discussion gives so much 
perspective to hackneyed empirical ECG patterns that the paper should be required reading for 
those interested in interpretation. 


Studies on the Mechanism of Ventricular Activity 


VIII. Genesis of the Coronary QS Wave in Through-and-Through Infarction 
MyRON PRINZMETAL, REXFORD KENNAMER AND MorRTON MAXWELL 


IX. ‘“‘Mural-type” Coronary QS Wave 


MorTON MAXWELL, REXFORD KENNAMER AND MyYRON PRINZMETAL 


In the first paper the investigators find that direct epicardial leads in authenticated through-and 
through myocardial infarction in dogs yield QS complexes identical with the cavity and subjacent 
intramural QS co plex. These results accord with classic theory, originated by Wilson, which ex- 
plains the coroné QS wave by assuming transmission of the negative cavity potential without 
alteration through dead infarcted tissue. 

In the second paper, however, it is pointed out that typical coronary QS waves may be recorded 
over infarcted myocardium which is, in part, still viable. In such instances of “‘mural-type’”’ QS 
waves the complexes recorded in epicardial, intramural and cavity leads showed differences in 
timing and/or configuration and therefore unaltered transmission of negative cavity potentials 
was not occurring. The authors presume that in such circumstances the coronary QS wave, along 
with a variety of other abnormal complexes, reflects only partial destruction of the outer layers of 
the ventricle. Clinical implications in respect to interpretation of QS waves in patients with coro- 
nary artery disease are pointed out. 
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\ of Serpenuna in the Hypertemave Panent 


Thee of the phe the management hy «hen used 
alone un place of barteturate weaung auider forme of (he dra. and in 
with other more poernt bat also more tox hypertensive agence to make pos be reduc on in dosage 
of these agents. Oberrvations were made in cighty-nine patients, all ambulatory, and were suffh- 
ciently prolonged and controlled (placebos) to have some meaning. The results confirm the general 
Se are efficacious in the management of the 

milder degrees of essential hypertension. Moreover, conjoint administration often permits signif- 
cant reduction in dosage of veratrum, hexamethonium and hydralazine preparations. with lessen. 
ing of side reactions. 


Esophageal Varices in Non-cirrhotic Patients. Esophagoscopic Study 
Lr. Cot. Eppy D. PALMER AND IrRviNG B. Brick 641 


Granted that roentgenographic technics during life, and necropsy subsequently, probably underesti- 
mate the incidence of esophageal varices, the frequency here recorded by competent esophagos- 
copists is nevertheless rather startling. For example, varices were found in four of seven patients 
with chronic congestive failure in whom liver biopsy (if it can be relied upon under such circum- 
stances to yield a representative sample) indicated little or no fibrosis. Perhaps there is need for 
sharper differentiation between the limits of distensibility of veins in congestive failure and what 
the clinician considers to be hazardous varix formation. 


Effect of the Oscillating Bed and Tilt Table on Calcium, Phosphorus and Nitrogen 
Metabolism in Paraplegia . . . .DEREK M. Wyse anD C. J. PATTEE 645 


Ambulation appears to be the most effective way to restore metabolic equilibrium in paraplegics, 
but in the long interval before this is possible such devices as the oscillating bed and the tilt table 
may be tried. The experience here recounted is rather discouraging in discounting favorable effects 
on calcium, phosphorus and nitrogen balance. It would appear, however, that further efforts 
should be made in the direction of inducing muscular contractions in the paralyzed limbs. 


An Abnormal Lipid-like Material and Carbohydrate in the Sera of Patients with 
Multiple Myeloma ._ BERNARD A. SACHs, PAXTON CADY AND GEORGE Ross 662 
Paper electrophoresis, with appropriate staining, revealed the presence of lipids and carbohy- 
drates, in association with abnormal proteins, in the sera of patients with multiple myeloma. These 
do not occur in the patterns of normal subjects, or, apparently, in other diseases. The inference 
drawn is that multiple myeloma involves disturbances in lipid and carbohydrate as well as protein 
metabolism, and that these may be related to the occurrence of amyloid deposits in this disorder. 
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Serum Proteins and Lipoproteins in Multiple Myelomatosis 
Lena A. Lewis AND IRVINE H. PAGE 


The sera of twenty-four patients with multiple myeloma were analyzed both electrophoretically 
and by ultracentrifugation, and the two sets of protein patterns then compared. The usual electro- 
phoretic abnormalities were observed but these did not appear to be associated with striking 
changes in the lipoproteins. 


Disappearing Bones: A Rare Form of Massive Osteolysis. Report of Two Cases, One 
with Autopsy Findings 
L. W. Gornam, A. W. Wricut, H. H. SHuLTz Aanp F. C. Maxon, Jr. 


The authors call attention to a rare and probably heterogeneous group of cases characterized by 
slow but extensive disappearance of bone, with startling roentgenograms contrasting sharply with 
the locally deformed but otherwise usually quite healthy patient. Most of these lesions prove 
ultimately to be due to the presence of an angiomatous, usually hemangiomatous, mass. 


Review 
Respiratory Recovery Rates after Poliomyelitis 
JoHN F. MARCHAND AND AARON T. MARCUM 

This article is concerned with the management of postpoliomyelitis paralytics with respiratory 
crippling, of whom there are over 1,000 in this country. Detailed respiratory schedules are de- 
scribed in twenty illustrative cases. Emphasis is placed on graded muscle re-education to develop 
use of accessory respiratory muscles. The need of psychologic as well as physical weaning from 
respirator aids is stressed. The results that can be obtained by careful, patient, individualized 
planning, so patent in this article, are remarkable indeed. 


Seminars on Antihypertensive Drugs 


Rauwolfia in the Treatment of Essential Hypertension . . . . RoBert W. WILKINS 


The Rauwolfia preparations have already won a distinctive place in the management of essential 
hypertension because of their slow, moderate antihypertensive effect, which usually is readily 
controlled, and a minimum of serious side reactions. They can be used alone in milder cases, with 
gratifying symptomatic response and fall in blood pressure. In more severe cases they are a useful 
adjunct or background agent to be employed with more potent antihypertensive agents, which can 
then be given in lower dosage and with fewer side reactions. 
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Treatment of Hypertensive Disease with Hydralazine. Comparison of Its Action with 


That of Low Sodium Diet in Hospitalized Patients 
ALBERT J. STUNKARD, GERALD H. EuRMAN, MORTON WACHSPRESS AND 
ARTHUR R. WERTHEIM 


The authors present the results of adequately controlled, sufficiently prolonged and critically 
evaluated observations on the effects of hydralazine (apresoline®) in twenty-five patients with 
significant hypertension persisting throughout prolonged hospitalization. In seventeen patients 
the diastolic blood pressure fell significantly. There was regression of retinopathy in some cases. 
Improvement in cardiac failure, heart size and electrocardiographic abnormalities was disappoint- 
ing in most cases. Side reactions, particularly headache, were not too distressing but required 
careful regulation of dosage and supplementary medication. It is concluded that hydralazine 
affords somewhat less effective antihypertensive therapy than stringent sodium restriction but 
is a much simpler form of management. 


Conference on Therapy 
How to Evaluate a New Drug . 


Conference on Therapy (Cornell University Medical College)—This conference is concerned 
primarily with the validity of procedure for clinical assessment of newly introduced therapeutic 
agents—a subject of prime importance, to be sure—but many of the points made apply also to 
clinical evaluation of any drug, old or new. The significance of the discussion therefore extends 
directly into the daily practice of every physician. This broad and vital aspect of medical practice 
is by no means exhaustively treated but among the points brought out are the effect of mood of 
the patient on patient response to drugs, the place of the placebo, the importance of the double 
blindfold technic in clinical pharmacology, the role of “honest subjectivity” of the evaluating 
physician, the limitations of statistical analysis of results and the importance of experimenal design 
to eliminate conscious or unconscious bias. 


Clinico-pathologic Conference 
Substernal Goiter, Thyrotoxicosis, Tracheal Compression and Pulmonary Disease 


Clinico-pathologic Conference (Washington University School of Medicine)—A most interesting 
case offering unusual difficulties in diagnosis and additional support for the old dictum that 
carcinoma of the thyroid gland rarely is associated with hyperthyroidism. 
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Case Reports 


Necrotizing Angiitis Associated with Chronic Ulcerative Colitis 
FRED WASSERMAN, ARTHUR KROSNICK AND HENRY TUMEN 
In this intriguing and thought-provoking case what appears to be typical non-specific ulcerative 
colitis occurred together with a diffuse arteritis and associated features consistent with the concept 
of allergic granulomatous angiitis. The possible relationship of these two disorders, and of the 
latter to drug sensitivity, is discussed interestingly. 


Normal Bone Marrow in Untreated Pernicious Anemia 
BuRTON COMINSKY AND CATHERINE I. HOLAVKO 


The point of this paper is that in bona fide cases of pernicious anemia with evidences of only mild 
anemia the bone marrow may contain so few megaloblasts as to escape detection in routine mar- 
row aspiration. Such patients may nevertheless exhibit distinct and progressive neurologic changes. 
Since the response to vitamin B), is good, recognition in time is important. Four illustrative cases 
are cited. 

* * * 


Announcement 


The Editorial Board is pleased to announce that the American 
Medical Writers’ Association has selected The American Journal of 
Medicine as the 1954 recipient of its Honor Award for Distinguished 
Service in Medical Journalism. The Citation reads, “‘for accuracy, 
clarity, conciseness and newness of information; for excellence of 
design, printing and illustrations, and for distinguished service to the 
Medical Profession.” 

This honor is a tribute to the publishers, who have spared no effort 
or expense in publication; to our editorial assistants, for their meticu- 
lous editing of manuscripts; and particularly to the many contributors 
to the Journal, who each share in the event. 

Tue Epiror 


Advertising Index on 3rd Cover 


Change of address must reach us one month preceding month of issue. 


736 


744 


11 


IVVOUNCES THO IMPORTANT 


THE FIRST 


antifungal antibiotic 


MYCOSTATIN 


SQUIBB NYSTATIN 


Highly effective for prevention and treatment of 


The intestinal flora of patients treated with oral antibiotics, 
particularly the broad spectrum preparations, undergoes pro- 
found changes. In many cases there is a strong overgrowth of 
Candida (monilia), and the extent of overgrowth seems to be 
proportional to the amount of the antibiotic taken. This phe- 
nomenon does not necessarily lead to clinical moniliasis, but 
a considerable number of patients with an overgrowth of 
Candida have intestinal symptoms, including diarrhea, ulcer- 
ation, anal fissure, and persistent pruritus. 

When such effects are due to Candida, they can be prevented 
by Mycostatin. Established monilial infection of the gastroin- 
testinal tract can be cleared up by Mycostatin in 24 to 48 hours. 


Dose: 500,000 units t.i.d.; 
to be doubled if intestinal 


000 
Bottles of 12 and 100 
‘Mycostatin’ is a Squibb trademark 


| fungi are not suppressed. 

| Mycostatin is well tolerated 
by nearly all patients, and 
is compatible with the com- 
monly used antibiotics. 
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Squibb Tetracycline Hydrochloride 


Steclin is the newest broad spec- 
trum antibiotic. 


¢ Fewer side effects, better tolerated 


50 and 100 mg 
25 and 100 


Bottles of 16 and 100 


The range of clinical usefulness of 
Steclin is similar to that of oxytetra- 
cycline and chlortetracycline. It is 
often superior to its analogs be- 
cause therapeutic blood levels are 


ceptible organisms, particularly 
monilia, may occur. 
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° Gesu stability in blood serum, 
¢ Efficient distribution to tissues and 
body fluids. 
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As with all broad spectrum anti- 
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tablets 


New combination attacks nausea and 
vomiting of pregnancy on two planes: 


The Symptomatic Plane—Bonadoxin contains meclizine—the safe, longer- 
acting antiemetic with highly specific vestibular effects. 


The Metabolic Plane —Bonadoxin contains pyridoxine—the enzyme-essential 
vitamin for which requirements are markedly increased during the first tri- 
mester. Its presence in high dosage helps restore proper carbohydrate metabo- 
lism, glycogen storage and hepatic function, thus correcting physiological 
derangements associated with “morning sickness.” 


Clinical results’: Abolished vomiting in 40 of 41 gravid women, eliminated 
nausea in 30 of 41. Less than 3% side effects. Dosage: 1 or 2 tablets, at bed- 
time. Larger doses if necessary. Supplied: Bottles of 25, prescription only. 
Each Bonadoxin Tablet contains 25 mg. meclizine hydrochloride, 50 mg. 
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ATHEROSCLEROSIS 
Revised concepts of etiology 


predicate new therapeutic approach 


Recent studies attach increasing importance to 
the particle size and physical characteristics of cer- 
tain blood lipids, rather than total serum cholesterol 
as such, in the genesis of atherosclerosis. Assays of 
neutral fat particles in the blood (chylomicra) fol- 
lowing fat ingestion, and the closely related concen- 
tration of low-density “giant” lipoprotein molecules, 
show much greater correlation with clinical athero- 
sclerosis than either the serum cholesterol level per 
se or the cholesterol-phospholipid ratio. 

It has also been shown that (1) a high incidence 
of hypercoagulability and low blood in levels 
exist in patients with cardiovascular di and 
atherosclerosis; (2) circulating heparin tends to de- 
crease ap age; and — a ratio exists be- 
tween concentration iant lipoprotein mole- 


Parent administered, exerts a 
found “eleariey” action on ch and the 
molecules. This action is t of heparin’s 
anticoagulant effect. In the treatment of atheroscle- 
rosis, the addition of choline and specific B vitamins 


appears to enhance in’s efficacy. Vitamin B,2 
and folic acid aid in the synthesis of labile methyl 
groups and the transmethylation process. Choline 


specifically increases the phospholipid turnover, and 
terally it shown to 


arin for atherosclerotic safe as 
a routine office procedure, without necessity for 


periodic clotting time determinations. 


A preliminary clinical report® on HEP-NINE B 
«aan combines in, choline, vitamin By», 
folic acid and niacinamide for intramuscular injec- 
that the offers consider- 
able promise in a variety of conditions in which 
atherosclerosis plays a part, such as angina pectoris, 
myocardial infarction, coronary disease, related kid- 
ney and liver diseases, diabetes mellitus, and certain 


Heparin alone on tine 


cases of obesity. Pharmacologic studies showed no 
significant effect on coagulation time, even in dos- 
age far exceeding that recommended. Chylomicron 
concentration was reduced promptly in all cases fol- 
lowing a single injection, ranging from a minimum 
29% reduction (diagnosis: anterior myocardial in- 
farction) to a maximum of 100% (diagnosis: multi- 
cerebral thrombosis ). In patients selected for a 
ory of myocardial infarction or diabetes, the 
atherogenic index as determined by the Gofman 
Serum Lipoprotein Test was materially reduced in 
all cases without benefit of diet restriction. Of 30 
tients with recurrent angina oris, 23 experi- 
marked reduction and severity 
of episodes. Nitroglycerine requirements were re- 
duced and exercise tolerance was increased in all 
cases. No patient suffered coronary occlusion or 
myocardial infarction during the period of study. 
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Diplococcus pneumoniae (Streptococcus pneumoniae) is a Gram-positive 
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AS SOLE THERAPY 


In addition to dropping the blood pressure 
moderately, Rauwolfia serpentina produces 
marked, often dramatic, subjective improve- 
ment. It relaxes the emotionally tense 
patient, gradually inducing a welcome state 
of calm tranquility. 


For every patient with mild, 
moderate, or labile hypertension 


Headache, tinnitus and dizziness are greatly 
relieved, and the discomfort of palpitation is 
usually overcome. Hence, it usually suffices as 
sole medication in mild, moderate and labile 
hypertension, especially when the emotional 
element is a prominent factor. 


Purified Rauwolfia Serpentina Alkaloids 


Rautensin produces the typical hypotensive, 
sedative, and bradycrotic effects characteristic 
of this important new drug. Each tablet con- 
tains 2 mg. of the alseroxylon fraction, a 
highly purified alkaloidal extract entirely free 
of inert material. The alseroxylon fraction is 


pressure, produce sedation, slow the pulse. 

The initial dose of Rautensin is 2 tablets 
(4 mg.) daily for 30 to 60 days. After the full 
therapeutic effect has been established, the 
daily intake is dropped to 1 tablet (2 mg.) 
daily. Side actions are rare and there are no 


tested in dogs for its ability to lower blood known contraindications. 
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Weeks of therapy. Routensin, 4 mg. doily. Marked subjective improvement. 
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IN COMBINATION 


For the patient with chronic, 


severe, or fixed hypertension 


Most cardiologists today assert that in severe 
or fixed essential hypertension, combination 
therapy is more efficacious than any single 
drug alone. The combination of Rauwolfia 
serpentina and Veratrum viride is especially 


favored since it results in an additive, if not 
a synergistic, effect. In this combination, the 
dosage requirements of veratrum are signifi- 
cantly reduced, hence the incidence of side 
effects is greatly minimized. 


Rauwolfia Serpentina and Veratrum Viride Alkaloids 


Each Rauvera tablet combines 1 mg. of the 
alseroxylon fraction of Rauwolfia serpentina 
and 3 mg. of alkavervir, a highly purified 
alkaloidal extract of Veratrum viride. The 
potent hypotensive action of veratrum is thus 
superimposed on the desirable influence of 
Rauwolfia. Rauvera leads to a substantial 


reduction in blood pressure and marked sub- 
jective improvement, hence produces excel- 
lent results in chronic, severe, and fixed 
essential hypertension. 

The average dose of Rauvera is 1 tablet 3 
times daily, after meals, at intervals of no 
less than 4 hours. 


Weeks of therapy. Rouvera, 4 tablets daily. Note blood pressure response. 
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Puts the gouty arthritic “on the road” again... 


BENEMID. 


Typical of the dramatic results with 
BENEMID in chronic gouty arthritis is the 
case of “J. B. . . . bedridden two months 
with continued pain. .. . At the end of pro- 
benecid therapy, he was able to walk un- 
aided and drive his automobile.” 
BENEMID “increases the excretion of uric 


acid by diminishing its tubular reabsorp- 


tion.” It helps prevent tophi, decreases 
those already present°— thus diminishes in- 
flammation and muscular spasm.? Toxic 
reactions are unusual. 


Quick Information: Available in 0.5 Gm. 
tablets. Dosage: 1 to 4 tablets daily. Con- 
traindications: Renal impairment. 
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Haphylococcus 35,000 X 


Staphylococcus aureus (Micrococcus pyogenes var. aureus) is a Gram-positive organism 
commonly involved in a great variety of pathologic conditions, including 
pvoderma + abscesses * empyema otitis + sinusitis + septicemia 


bronchopneumonia bronchiectasis tracheobronchitis + and food poisoning. 
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FIRST IN MAINTAINING DECISIVE BLOOD PRESSURE CONTROL 


The sole therapeutic agent in Unitensen Tablets is cryptenamine—a potent blood 
pressure lowering alkaloid fraction isolated by the research staff of Irwin, Neisler 
& Company. In the majority of cases (see chart at left), cryptenamine will 
lower blood pressure decisively, and will control blood pressure at the lower 
levels for prolonged periods of time. 


FIRST IN SAFETY 


Unitensen Tablets exert a central action on the blood pressure lower- 
ing mechanism. Circulatory equilibrium is not disrupted. Improved 

circulation and improved work of the heart are often attained, 
along with the decisive fall in blood pressure. 


Unitensen Tablets have no sympatholytic or parasympatho- 
lytic action. Ganglionic blocking does not occur. Unitensen 

Tablets do not cause postural hypotension and collapse, 

an ever-present risk with other potent blood pressure 
lowering drugs. Renal function is not impaired. 


FIRST WITH DUAL ASSAY 


Unitensen is biologically standardized twice, first for 
a hypotensive response and, second, for side effects (eme- 
TABLETS sis) in the dog so that a safe therapeutic range between 
the two is assured. In extensive clinical trials only a few iso- 
lated cases exhibited occasional vomiting. 


Unitensen Tablets do not cause the serious side effects common 

to widely used synthetic hypotensives. Unitensen Tablets can be 

given over long periods of time with entire dependability. Cumulative 
effects have not been noted. 


FIRST IN SIMPLE DOSAGE 


Start with 2 tablets daily, given immediately after breakfast and at bed- 
time. If more tablets are needed, include an afternoon dose at 1 or 2 p.m. 


FIRST IN ECONOMY 


Because of lower dosage, Unitensen Tablets save your patients 4 to % over the 
cost of other potent blood pressure lowering agents. 


Each Unitensen Tablet contains: 2 mg.f 
(as the tannate salt ) 


*Ester alkaloids of Veratrum viride obtained by an exclusive Irwin-Neisler nonaqueous extraction process. 
tEquivalent to 260 Carotid Sinus Reflex Units. 
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Editorial 


Enzymes and Templates in 
Bone Salt Formation 


HE natural philosopher, in his contempla- 

tion of the processes of life, strives to 

resolve the activities of the living cell into 
the ultimate laws of physics and chemistry. The 
ancient schism between vitalist and mechanist 
has become more and more attenuated, and in- 
creasingly semantic, as the very border between 
inertness and life becomes progressively fine and 
intangible. Pale vestiges of the old contentions 
persist, however, although the lines of contro- 
versy have been redrawn. The question now is 
whether the innermost secrets of life can be 
presumed to reside in the chemical and physical 
obscurities of the intricate structure of the 
proteins, nucleic acids, carbohydrates and fats 
which make up the living tissue. 

Apposite to all this, in a curious, distorted 
way, is the current discussion of the mechanisms 
of bone salt formation. Does elaboration of the 
bone salt require the agency of cellular activities 
or is it formed exclusively by the operation of 
physicochemical principles divorced from the 
living cell? The question is appropriate but 
should be divested of all vitalistic connotation. 
Cellular activities are being defined more and 
more inclusively by the manifold operation of 
enzyme systems, and enzymes are rapidly losing 
their mystic overlay. The current problem then 
is, not vitalism or mechanism, but enzymes or 
templates; and there is ample evidence that 
both participate. 

The bone mineral, comprising approximately 
one-third of the total bone mass, is diffusely 
deposited in the osteoid matrix in the form of 
myriads of microcrystals which give the apatite 
lattice pattern upon x-ray diffraction and have 
the general composition of a hydroxyapatite, 
Caj0(PO.4)6(OH)2. These microcrystals are dis- 
posed in orderly orientation to correspond with 
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an intricate network of fibrils of collagen, a 
fibrous protein which forms the major com- 
ponent of the bone matrix. Diffusely inter- 
spersed among the fibrils is an “‘osseomucoid” 
ground substance which is composed of com- 
plex mucopolysaccharides including chondroitin 
sulfates; Glegg latterly has separated and, 
in part, identified some of the components 
chromatographically. 

Until quite recently, the formation of the 
basic calcium phosphate bone salt was generally 
considered exclusively in physico-chemical terms 
of precipitation, in accordance with the laws of 
mass action. This view presumed saturation, 
with respect to calcium and/or phosphate, of the 
intercellular fluid, whether uniformly or local- 
ized at the site of bone formation by the action of 
the alkaline phosphatase of the osteoblast. ‘The 
precipitation hypothesis based upon a simple ion 
product is no longer tenable, for reasons ably 
summarized by Neuman and Neuman.! 

The Neumans indicate that basic calcium 
phosphate can form only by crystallization; 
either by stepwise addition of ions to a nuclea- 
tion center or by a similar process involving the 
hydrolysis of secondary calcium phosphate, 
which has a K,, conceivably within the possi- 
bilities of biologic systems. Such nucleation 
centers, it is suggested, act as templates for the 
further crystallization of the bone salt which thus 
ultimately infiltrates the whole of the conditioned 
matrix. The microcrystals of hydroxyapatite 
present an enormous surface, the site of ceaseless 
exchange, heteroionic as well as isoionic. This 
would account for the heterogeneity of bone 
composition and provides a mechanism for 
recrystallization. 

1 Neuman, W. F. and Neuman, M. W. The nature of 
the mineral phase of bone. Chem. Rev., 53: 1, 1953. 
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While much of this scheme is based on sound 
evidence and rational implication, and is doubt- 
less valid for the final phases of bone salt forma- 
tion, there are difficulties. Not the least of these 
is in accounting for both initiation and termina- 
tion of the crystallization process, which starts 
and stops independently in many different areas 
at different times. Morphologic evidence would 
seem to indicate quite clearly that this con- 
cept, in its present formulation, represents an 
oversimplification. 

The central fact in the phenomenon of bone 
salt deposition is that it occurs selectively, only 
in certain predisposed tissues even though non- 
calcifying tissues also are bathed in intercellular 
fluid of the same composition. This implies that 
local as well as humoral factors are involved. 
It may be presumed that the local factors reflect 
specific cell activities involving the action of 
enzymes. 


In apparent conflict with this deduction is the | 
demonstration that bone mineral, properly ; 


aligned to collagen fibrils in relation to its c-axis, 
can be made to deposit zn vitro in cartilage or 
bone matrix after treatment to destroy enzymes. 
This, however, requires exposure to calcium 
and phosphate in concentrations far exceeding 
physiologic limits, and presumably involves 
precipitation. It is doubtful that such experi- 
ments can be accepted as models of the naturally 
occurring phenomenon. 

Little is known about the enzyme systems 
participating in bone salt formation.” Robison’s 
bone alkaline phosphatase* doubtless is involved 


2GutTmMan, A. B. and Yt, T. F. A concept of 


the role of enzymes in endochondral calcification. Conf. 
Metabolic Interrelations, p. 167. New York, 1950. Macy 
Foundation. 

3 Rosison, R. The possible significance of hexosephos- 
phoric esters in ossification. Biochem. J., 17: 286, 1923. 
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but precisely how has not been determined. 
Phosphorylative glycogenolysis has been shown 
to be a prerequisite to calcification of cartilage‘ 
but the cycle has not been traced beyond phos- 
phopyruvate formation; the disposition of the 
phosphoric and pyruvic acid moieties has not 
been established, nor has the fate of the high 
energy phosphate thus formed been settled. 
The changes in the matrix signalized by meta- 
chromasia and its subsequent disappearance 
remain obscure. The significance of the high 
content of citrate in bone has not been explained. 
Despite all these uncertainties, however, there 
can be little doubt that enzymes do play an 
important role in the formation of bone. They 
may well be concerned with the earlier phases 
of this complex process; in the preparation of 
matrix for “‘calcifiability,” as well as in the 
delivery of high energy phosphate, appropriate 
sulfur compounds, and probably other elements 
as yet unrecognized. 

Perhaps the most conspicuous lack in current 
theories of bone salt formation and dissolution, 
at least from the point of view of the pathogenesis 
of abnormalities of bone, is the failure to account 
for the action of a variety of vitamins and hor- 
mones. Deficiency or excess, notably of vitamins 
D, A and C, and of hormones derived from the 
parathyroid, adrenal and sex glands, pro- 
foundly affects the bone. There is no clue as to 
how these and other principles upset the steady 
state of the relationship between the mineral 
content of the bone and its components in the 
circumambient fluid. If analogy is permissible, 
it may be suspected that they operate here, as 
elsewhere, through the agency of enzymes. 

ALEXANDER B. GUTMAN, M.D. 


‘Gutman, A. B., Warrick, F. B. and Gutman, E. B. 
Phosphorylative glycogenolysis and calcification in 
cartilage. Science, 95: 461, 1942. 
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Clinical Studies 


The QRS Complex Deformity of Myocardial 


Infarction in the Human Subject’ 


Ropert P. Grant, M.D. and RaymMonp H. Murray, M.D. 
Bethesda, Maryland 


OsT present day methods for interpreting 
M the clinical electrocardiogram use only 
a small part of the information con- 
tained in the tracing. The reason for this is that 
in these methods the diagnosis is usually based 
upon memorized deflection patterns seen in one 
or another lead, and there is no way to relate 
the information contained in one lead with that 
in the other leads or to use deflection contours 
which do not fall into one or another of the 
memorized categories. 

This is well illustrated by the way in which 
the diagnosis of myocardial infarction is made 
from the QRS complexes of the clinical tracing. 
The electrocardiographic hallmark of infarction 
is, of course, the Q wave. However, it is not 
commonly realized that when an infarct pro- 
duces Q waves in certain of the leads of a tracing 
it has also deformed the initial part of the QRS 
complexes in all other leads of the tracing, indeed 
in all possible body surface leads. In pattern 
methods of interpretation these other abnormali- 
ties are not recognized, and unless a Q wave is 
present the diagnosis of infarction may be over- 
looked. Furthermore, the Q wave produced by 
infarction is a deformity of only the first part of 
the QRS complex. Whether or not later parts of 
the QRS complex are also diagnostically altered 
is not known, for this part of the complex is not 
used in making the diagnosis of infarction by 
these methods. 

However, the electrocardiographic deflection 
is more than simply a wave form pattern. It is an 
accurate measurement of the variations in 
electrical potential at the body surface, with each 
lead of the clinical tracing measuring this poten- 
tial from a different point of vantage on the 
surface of the electrical field. The interpretation 
could be made much more accurately and con- 
fidently were there some way to treat deflections 


as measurements of potential of a single electrical 
field, to integrate the information contained in 
all the leads, and to express it in some simple, 
rational, quantitative form. For many years the 
principles of vector analysis have been used 
in physics and electrical engineering to integrate 
measurements of potential from several points in 
an electrical system. By applying certain of these 
principles to the leads of the clinical electro- 
cardiogram it is possible to convert the informa- 
tion contained in all twelve leads to a single 
quantitative form describing the distribution of 
potential on the surface of the body. Since the 
method uses the information in all leads, encom- 
passing all possible variations in wave form 
which may occur in each lead, it is a more com- 
prehensive and detailed method of interpretation 
than the pattern method. In addition, its 
quantitative aspects make the interpretation 
more objective and more accurate. 

The QRS complex deformity produced by 
myocardial infarction is one of the most impor- 
tant problems in clinical electrocardiography. 
There are two aspects of this problem which can 
be clarified by the use of vector methods. First, 
what is the distribution of body surface potential 
which accounts for the various types and dis- 
tributions of Q waves in the conventional leads 
in this syndrome, and can more objective criteria 
for evaluating Q waves be developed from this 
information? Second, recognizing that the 
Q wave is a deformity of only the first part of the 
QRS complex, is the duration of this deformed 
portion the same in all cases, and are there any 
other parts of the QRS complex which undergo 
characteristic alterations following infarction? 


I. VECTOR PRINCIPLES EMPLOYED 


The use of vector methods to interpret the 
routine clinical tracing is only one application of 


* From the Laboratory of General Medicine and Experimental Therapeutics, The National Heart Institute, Bethesda, 
Md. 
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vector methods to electrocardiography. Another 
application is the recording of QRS and T 
‘‘loops”’ or vectorcardiograms on the surface of a 
cathode tube oscilloscope, using special elec- 
trode locations and circuits. This application is of 
less direct clinical usefulness but has received 
considerably more attention in medical litera- 
ture. For that reason it is important to point out 
that the two technics have certain conceptual 
differences which have a bearing on their clinical 
application. The oscilloscopic method is an 
attempt to produce a record of the electrical 
sequences taking place in the heart, expressing 
them in terms of instantaneous resultant elec- 
trical forces generated by the heart. On the other 
hand, the application of vector methods to the 
routine tracing is simply a technic for schematiz- 
ing and systematizing the characteristics of the 
electrical field as it is manifested at the body 
surface; its purpose is to provide a method for 
gathering together the information contained in 
the various leads of the routine clinical tracing, 
and only secondarily and by inference and con- 
jecture does it shed light on basic electrical 
sequences within the heart. 

This difference is important because, in view 
of the eccentricity of the position of the heart in 
the chest and the characteristics of the body as a 
bounded conductor, one may question the 
accuracy with which the electrical forces gen- 
erated within the heart can be defined from body 
surface electrodes, no matter what type of 
instrument is used for recording them. On the 
other hand, there can be no question as to the 
validity of using vector methods to schematize 
the deflections obtained from a number of 
points on the body surface. Indeed, it is the 
only method available in physics for bringing 
together measurements of electrical forces ob- 
tained from various points on the surface of an 
electrical field. 

When the routine tracing is looked at from 
this vector point of view, it resembles other 
quantitating tests used in clinical medicine such 
as the glucose tolerance test, bromsulphalein 
excretion test, etc. In effect, in these tests precise 
measurements are made from a series of rather 
crudely obtained samples, and a graph is con- 
structed from the measurements which gives in 
quantitative form a greatly simplified but useful 
picture of a complicated underlying phenome- 
non. From the vector point of view the routine 
clinical electrocardiogram also consists of a 
series of rather crudely obtained “samples.” In 
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this situation they are “sampling” electrical 
potential from twelve different points on the 
surface of the electrical field. Precise measure- 
ments are then made from these samples and a 
“‘graph” is constructed which gives a quantita- 
tive but greatly simplified picture of the dis- 
tribution of potential on the body surface. The 
graph in this case is the vector, an arrow which in 
its direction indicates the direction of a single 
electrical force which could account for the 
recorded characteristics of the deflection in each 
of the leads. That this vector might also be an 
accurate representation of a resultant electrical 
force generated by the heart is a possible and 
useful inference but is by no means a necessary 
conclusion before the method can be considered 
a valid technic for graphing the information 
contained in the deflections. It must be em- 
phasized that as long as electrocardiography is at 
the mercy of body surface leads it can at best 
give only vague and generalized information 
regarding the electrical events which are actually 
taking place in the heart, no matter what 
methods are used for recording or interpreting 
the information. 

The vector method used in this study is based 
upon the properties of the simplest type of elec- 
trical field: a directed electrical force or vector 
generated at the center of a cylindrical volume 
conductor. To understand the method one need 
only understand the way in which positive 
and negative deflections are distributed on the 
surface of this cylinder for a given vector direc- 
tion, for the same principles govern to a large 
extent the distribution of positive and negative 
electrocardiographic deflections on the body 
surface of the human subject. 

If unipolar V leads are recorded from the sur- 
face of this ideal cylinder, each deflection will be 
a measurement of the projection of the vector on 
the axis of that lead. The axis of a unipolar lead 
is the hypothetical line extending from the loca- 
tion of the exploring electrode on the surface of 
the cylinder to the origin of the vector at the 
center of the cylinder. Whenever an electrode 
is placed at such a point on the surface of the 
cylinder that the axis of the lead is perpendicular 
to the direction of the vector, it will record an 
isoelectric or zero deflection. There are a num- 
ber of points on the surface of the cylinder where 
such zero deflections will be recorded. Since they 
lie on axes which are perpendicular to the vector, 
they form a pathway around the chest, in effect 
the pathway where a plane perpendicular to the 
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vector intersects the surface of the cylinder. This 
pathway is called by physicists the “null con- 
tour”’ for that vector and is illustrated in Figure 
1. At all points on one side of the null contour 
the unipolar leads will record positive or upright 
deflections for that vector. This is the side toward 
which the vector points and it is called the ‘area 
of relative positivity’’ for that vector. At all 
points on the other side of the null contour uni- 
polar leads will record negative or downward 
deflections. This is the region away from which 
the vector is pointing and it is called the “‘area of 
relative negativity” for that vector. The deflec- 
tions, whether positive or negative, tend to 
become smaller the nearer the electrode lies to 
the null contour. The null contour and therefore 
the distribution of positive, negative and null 
deflections will, of course, be different for differ- 
ent directions of the vector. It can be seen from 
this that if one can identify a null contour one 
can plot the direction of the vector, for it must 
be relatively perpendicular to the plane defined 
by the null contour. 

This then is the way in which positive, negative 
and null deflections are distributed on the surface 
of a cylindrical volume conductor when there is 
a single electrical force generated at its center. 
The chest of the human subject is more or less 
cylindrical. It follows from this that, regardless 
of the homogenity of the tissues of the body and 
regardless of the position of the heart in the chest, 
if the QRS or T deflections recorded on the 
chest of a human subject have such distribution 
of positivity and negativity that a null contour 
can be plotted for them, the deflections can be 
considered to be recording the electrical field 
of the heart as if there were just a single electrical 
force being generated, and all body surface 
electrode positions are in effect recording from 
this same electrical force. When such a null 
contour can be defined a vector can be drawn 
perpendicular to the null plane. This is roughly 
the direction of an electrical force which could 
cause this distribution of positive and negative 
deflections on the chest. It so happens that in 
the vast majority of human subjects null con- 
tours can be readily plotted from the body sur- 
face QRS and T unipolar lead deflections. It 
has been shown earlier that this can be done for 
over-all or mean deflections, and the present 
study illustrates that null contours can also be 
plotted for certain discrete instants in the course 
of the QRS interval. 

Thus it can be concluded that for all practical 
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clinical purposes the distribution of positive 
and negative QRS and T deflections in the 
human subject tends to resemble the distribu- 
tion of positivity and negativity produced by 
single electrical forces at the center of a cylin- 
drical volume conductor. To be sure, when null 


Fic. 1. A directed electrical force 
within a volume conductor, illus- 
trating the distribution of the areas of 
relative electrical positivity and 
negativity for that force on the sur- 
face of the conductor. The two areas 
are separated by a region of relative 
null or zero electrical potential which 
lies on the pathway of intersection of 
a plane perpendicular to the elec- 
trical force at its origin. This path- 
way is called the null contour for that 
electrical force or vector. 


contours are plotted on the chest of the human 
subject they often do not resemble perfectly the 
pathways of intersection of planes through the 
chest. Some of this is no doubt due to the fact 
that the body is not perfectly cylindrical in 
shape. It is also a reflection of the obvious fact 
that plotting null contours is a considerable 
simplification of the electrical events taking 
place in the heart. Nevertheless, it is remarkable 
that significant departures from ideal null con- 
tours are infrequent. An example of such a 
departure is seen in the so-called “isolated T 
wave negativity’ syndrome, in which negative T 
waves are encountered in the area of relative 
positivity for the T vector. The clinical implica- 
tions of this syndrome have been described 
elsewhere.' Under certain circumstances com- 
ponents can also be detected in the QRS com- 
plex at precordial leads V; and V: which do not 
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conform with the distribution of the null contour 
for appropriate instantaneous QRS vectors.” 
Also, when the null contour of the mean T 
vector passes through the precordial region it 
will commonly show some departure in this 
region from a perfectly symmetric null contour. 
However, these examples of irregularities in the 
null contour are uncommon and they do not 
detract from the validity and usefulness of the 
vector method. They simply mean that under 
certain circumstances a schema that treats the 
body surface deflections as if they were all 
written by the same central vectors is too simple, 
and a more complex schema is necessary in these 
cases. 

In summary, the vector constructions in this 
study are intended only secondarily to indicate 
the characteristics of electrical forces generated 
by the heart. Primarily they are intended simply 
to show the distribution of positivity and nega- 
tivity on the body surface for a particular elec- 
trical event in the heart, for this explains the 
particular contours of the QRS complexes in 
each of the various leads of the clinical tracing. 
With this understanding of the relationship be- 
tween deflection contours and the electrical 
field on the body surface the interpretation of 
Q waves and other wave forms becomes more 
rational and accurate than is possible by memor- 
izing deflection patterns. 


II. THE ELECTRICAL CHARACTERISTICS OF CURRENT 
QRS CRITERIA FOR THE DIAGNOSIS OF 
MYOCARDIAL INFARCTION 


A number of different schemas have been 
described for localizing infarcts from the dis- 
tribution of Q waves in the clinical tracing by 
assuming that the electrodes writing abnormal Q 
waves overlie the infarcted region of the heart. 
However, there are two aspects of this which 
should be pointed out. First, the Q wave is an 
electrical finding, and the electrical effects of 
infarction are not necessarily identical in size 
and location in the heart with its histologic 
effects. Furthermore, as will be shown in the 
second part of this study, there are other factors 
besides the location of the infarct that determine 
which leads will show Q waves. Second, a Q 
wave of .04 second’s duration which, as will be 
seen, is the duration a Q wave must have to be 
diagnostic of infarction, is recorded when the 
electrode is placed on the region of the chest 
which is electrically negative for the first .04 
second of the QRS interval. The twelve leads of 
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the clinical tracing sample only a selected portion 
of the chest surface, and whether or not one 
of these electrode locations will lie in the area 
which is electrically negative for the first .04 sec- 
ond in a given case will depend upon the 
arbitrariness of these electrode locations and, 
often, the slightest of variations in direction of 
the electrical forces during the first .04 second of 
the QRS interval. The most rational way to 
evaluate the meaning and adequacy of present 
day Q wave criteria for the diagnosis of infarc- 
tion would be to study the distribution of posi- 
tivity and negativity on the chest surface during 
the first .04 second of the QRS interval in a 
number of normal subjects and to compare this 
with the distribution in subjects with Q waves in 
the routine tracing which conform with current 
criteria for the diagnosis of infarction. That is the 
purpose of the first part of this study. 

Methods. The most accurate method for plot- 
ting null contours is to record unipolar deflec- 
tions from all regions of the chest, identify the 
electrode locations where null or transitional 
deflections are written, and the line through 
these points defines the null contour for that 
electrical event. In 115 subjects over forty chest 
leads were recorded from the anterior, lateral 
and sometimes posterior surfaces of the chest 
in order to plot null contours for several instants 
during the QRS interval. Seventy-seven of these 
subjects had Q waves in the routine tracing 
diagnostic of infarction and thirty-eight subjects 
had no such Q waves, by current criteria. The 
deflections were obtained at 2 inch intervals 
along a series of vertical lines on the chest using a 
single channel Viso-cardiette electrocardiograph, 
and were mounted in the same geometric ar- 
rangement in which they had been obtained. 
Null contours were plotted from the tracings and 
spatial vectors drawn for three instants during 
the first part of the QRS cycle, roughly, .01 
second, .02 second and .04 second. For the null 
contour at .01 second the deflections along each 
line were examined for the electrode location 
where the initial take-off of the QRS deflection 
changed from being positive at one electrode 
location to negative at the next or vice versa. A 
line was drawn through these electrode locations 
which indicated the null contour for the very 
first instant in the QRS interval, and a vector 
was drawn perpendicular to the plane defined 
by the null contour. This is called the .01 
second vector. The null contour at .02 second 
was plotted by finding the electrode locations 
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where the QRS deflection was isoelectric at .02 
second (one-half of the smallest time interval 
in the tracing); and the null contour for the 
instantaneous vector at .04 second was plotted 
by finding the electrode locations where the 
QRS complex was isoelectric at .04 second. 

The technic for plotting null contours is shown 
in Figure 2. The unipolar lead deflections ob- 
tained from the anterior and lateral chest of a 
typical subject are shown. A cylindrical refer- 
ence figure is used for plotting the null contours 
and the relative locations of the multiple chest 
leads are shown by black dots on each cylinder. 
The vectors are drawn as if they originated at 
the center of each null plane. This is done for 
convenience for no satisfactory method has yet 
been devised for calculating the actual effective 
origin of a resultant electrical force of the heart in 
the human subject. Null contour plots for 
approximately .01, .02 and .04 second are shown 
in this figure. 

It can be seen that the null contour at each of 
the instants studied divides the body surface in 
half. One-half of the chest surface is an area of 
positivity while the other half is an area of 
negativity. The region of the chest which is 
electrically negative for the entire first .04 
second of the QRS interval can be plotted by 
superimposing the null contours for the three 
instants, as shown in Figure 2C. V leads re- 
corded from any point within this region will 
write Q waves of .04 second’s duration. This is 
called the “‘Q area” and is a useful calculation 
because it summarizes the early QRS vectors 
and at the same time relates them to the dis- 
tribution of Q waves on the chest, which have 
such importance in clinical electrocardiography. 
The interval of .04 second was selected for the Q 
area determinations because, as will be shown, 
myocardial infarction alters at least the first .04 
second of the QRS interval in the majority of 
cases. 

Frontal plane projections of the QRS “loop” 


are also shown in the illustrations. These were 


constructed from the contours of the QRS com- 
plexes in the unipolar and bipolar limb leads in 
each case by the method described earlier.'! The 
‘“‘loops” are marked at .02 and .04 second to 
help in comparing the directions of the in- 
stantaneous vectors plotted from the null con- 
tours with their directions as manifested in the 
limb leads. The conventional limb and pre- 
cordial leads for each case are also shown in 
order to assist in relating the vector information 
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to the contours of the QRS complexes in the 
conventional leads. It should be pointed out that 
these studies are entirely electrocardiographic, 
and no pathologic or clinical correlations were 
attempted. 

Normal Subjects. Thirty-eight subjects with 
normal QRS interval duration and no QRS 
complex abnormalities of myocardial infarction 
by current Q wave criteria were studied by this 
method. In all cases the Q area lay on the right 
side of the chest. However, its particular loca- 
tion on the right chest varied markedly, as 
illustrated by Cases 8, 95 and 113 of Figure 3. 
This variation proved to be due to the fact that 
the instantaneous vectors during the first .02 
second of the QRS interval vary widely in direc- 
tion among subjects with normal QRS electrical 
fields. At .01 second the vector may have any 
direction through 360 degrees in the frontal 
plane and is anteriorly directed. At .02 second 
it may have any direction through 180 degrees, 
pointing leftward and anteriorly. On the other 
hand, at .04 second the vector varies within 
only 90 degrees in direction among normal 
subjects and is always pointing leftward, in- 
feriorly and_ slightly posteriorly, relatively 
parallel with the direction of the mean spatial 
QRS vector for that subject. It is because the 
vector at .04 second is leftward in direction that 
the Q area always lies predominantly on the 
right side of the chest in the normal subject. 

Seventy-seven cases with Q waves in the con- 
ventional leads conforming with current criteria 
for the diagnosis of myocardial infarction were 
studied by this method. In all cases the Q area 
occupied large portions of the left side of the 
chest. However, the particular region of the 
left chest where the Q area lay varied widely 
from case to case and therefore they were 
grouped into five types. The five types have 
been given anatomic names in this study resem- 
bling those used in clinical electrocardiography 
for designating the location of infarctions. How- 
ever, it is well to remember that these names only 
indicate the location of the Q area on the chest 
surface and do not necessarily indicate the 
region of the heart that has been infarcted. 

Strictly Anterior Q Area. There are twenty-six 
cases with a Q area on the anterior surface of the 
chest, indicating that the average direction of 
QRS vectors during the first .04 second was 
directly posterior. In these cases the conven- 
tional clinical tracings showed Q waves at Vi 
and V: and occasionally V3; but no Q waves of 
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more than .02 second’s duration in any of the 
limb leads. Although relatively few of the pre- 
cordial leads showed Q waves, the Q area was 
usually quite large, often including as much as a 
third of the chest surface. Case 29 in Figure 3 
illustrates the Q area in this group of cases. 

Anterolateral Q Area. In sixteen cases the Q 
area lay on a more anterolateral region of the 
chest, indicating that the average direction of 
the QRS vectors during the first .04 second of the 
QRS interval was more rightward than in the 
strictly anterior group of cases. The clinical trac- 
ings in these cases showed Q waves of .04 second 
among more lateral precordial leads as well as in 
leads 1 or aVL or both. 

In six cases in this group the Q area was quite 
s: iall. These are the cases in which Q waves were 
seen in the clinical tracing in only one or two of 
the more lateral precordial leads, often with no 
Q waves of .04 second’s duration in any of the 
limb leads, as illustrated by Case 16 of Figure 3. 
The remaining cases of this group had quite 
large Q areas, as illustrated by Case 32 of this 
figure. The difference between the two types of 
anterolateral Q area is related to the direction of 
the vector late during the first .04 second. In the 
small Q area cases this vector was more nearly 
normal in direction than in the large Q area 
cases. The infarct appeared to have influenced 
the vector direction during only the first .02 to 
.03 second in the small Q area cases, while it 
deformed the first .04 second or more in the 
large Q area cases. This does not necessarily 
mean that the infarct was anatomically larger in 
the large Q area cases, for the degree of deform- 
ity of QRS forces is not known to be related to 
the size of the infarct. In some cases the small Q 
area probably represents a healing stage of a 
large Q area infarct, with the vector at .04 
second being the first to return toward normal. 

Inferior or Diaphragmatic Q Area. In eighteen 
cases the Q area occupied the inferior part of the 
chest. The average direction of the QRS vector 
during the first .04 second of the QRS interval 
in these cases was superior, as if pointing away 
from the diaphragmatic region of the heart. 
Q waves of .04 second were seen in leads m, 
aVF and often in lead nm in the clinical tracing. 
Although this ‘‘Q;” pattern of infarction has 
been called “posterior” in the past, both ana- 
tomic and electrical evidence indicate that the 
infarct lies on the diaphragmatic surface of the 
heart and not its posterior surface in most of 
these cases.’ 
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In all cases the Q area involved the lower chest 
and trunk. In eight cases it extended further up 
the chest posteriorly than it did anteriorly, sug- 
gesting that the electrical lesion included the 
posterior portions of the diaphragmatic surface 
of the heart. Under these circumstances the 
early QRS vectors point anteriorly as well as 
superiorly. This causes the initial R waves at 
V, and V: to be abnormally broad and tall, as 
exemplified by Case 44 of Figure 4. 

On the other hand, in five cases the Q area 
extended further up the chest anteriorly than it 
did posteriorly, often extending high enough to 
include the precordial region and produce Q 
waves in certain of the precordial leads, sug- 
gesting that the lesion may have involved more 
anterior regions of the diaphragmatic surface of 
the heart. This is illustrated by Case 108 in Fig- 
ure 4. In the past the combination of Q waves on 
lead 11 plus Q waves in the precordial leads has 
often been interpreted to mean that the patient 
has both a “‘posterior” and an “anterior” infarc- 
tion. Although this may be the case anatomically, 
it is not true electrically. The QRS complex is the 
summed record of electrical activity in all parts 
of the heart at each instant; and if more than one 
infarct is present, the body surface QRS com- 
plex will be a summed record of the electrical 
effects of them all. The proof of this lies in the 
fact that there is only one Q area in any subject. 
Q waves will be written in both limb and pre- 
cordial leads whenever the Q area has such a 
location that certain of the limb lead and pre- 
cordial lead electrodes both lie within it. 

Strictly Posterior Q Area. In seven cases the Q 
area lay on the posterior surface of the chest. 
This indicated that the average direction of the 
QRS vectors during the first .04 second of the 
QRS interval was anterior, producing diag- 
nostically tall, broad R waves at V; and V2. The 
Q area was quite large and tended to lie more 
on the left than on the right side of the chest — 
posteriorly. This somewhat rightward direction 
of the early QRS vectors produced Q waves of 
.02 second or more on lead 1 or aVL or both. 
That R waves exceeding .04 second in duration 
at V; and V2 may be diagnostic of infarction has 
been described before; however the syndrome is 
not widely recognized.*:® 

Since the Q area of posterior infarction lies 
somewhat eccentrically on the back, it may 
encroach on the electrode position for one or 
another of the conventional leads and in this 
way produce Q waves of .04 second’s duration in 
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one or more leads of the clinical tracing. For 
example, in Case 93 of Figure 4 the Q area sur- 
rounds the chest inferiorly. This means that the 
vectors during the first .04 second are directed 
somewhat superiorly in addition to anteriorly, 
and accordingly there are Q waves of .04 sec- 
ond in leads n, m1 and a VF which is the pattern 
of diaphragmatic infarction. In Case 69, on the 
other hand, a Q wave of .04 second is seen in 
lead aVL. This has often been considered the 
pattern of high lateral infarction. However, the 
Q area is principally posterior in location, and 
only because the initial vectors are pointing 
slightly rightward does the Q area include the 
left shoulder and a Q wave appear in lead aVL. 
By contrast, in Case 40 none of the electrodes for 
the conventional tracing lie in the Q area and no 
Q waves of .04 second are to be seen in any of the 
leads. However, the broad R waves of over .04 
second’s duration at V; and V>2 reflect an ab- 
normal posterior location of the Q area diag- 
nostic of infarction. 

It should be pointed out that R waves of .04 
second’s duration may be seen at V; and V2 in 
normal subject. The reason for this is that R 
waves of .04 second’s duration will be recorded 
from the region of the chest diametrically 
opposite to the region where Q waves of .04 
second are recorded. Thus whenever the Q 
area extends onto the left chest posteriorly in the 
normal subject, as in Case 95 of Figure 3, R 
waves of this duration may be written in certain 
of the precordial leads. The posterior Q area of 
the normal subject is always smaller than the 
posterior Q area due to infarction. The reason 
for this is that in the normal subject the instan- 
taneous vector at .04 second is normally directed, 
that is, it is parallel with the mean QRS vector 
for that subject which is directed leftward and 
inferiorly. Therefore in the normal subject with a 
posterior Q area the instantaneous vector during 
the first .04 second must change direction through 
180 degrees. This will cause the Q area to be 
small. On the other hand, in the subject with a 
posterior Q area of infarction the vectors through- 
out the first .04 second will all point anteriorly 
and there is little change in their direction. 
Therefore the Q area will be quite large, includ- 
ing as much as a third of the chest surface in these 
subjects. 

High Lateral Q Area. In ten cases the Q area 
occupied the superior or high left lateral part of 
the chest. In all cases the left shoulder was in- 
cluded in the Q area and therefore all cases 
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showed Q waves of .04 second in Lead aVL of 
the conventional tracing. In three cases the Q 
area symmetrically included both shoulders and 
lead aVR also showed a Q wave of .04 second’s 
duration in these cases. It will be noted in Case 
25 of Figure 4 that had the Q area extended 
only a few centimeters lower on the anterior 
chest it would have included the precordial 
region and leads V; and V2 would have shown 
Q waves. The splintering of the R waves from 
V1 to V2 in this case indicates how near the Q 
area is to these precordial electrodes. The slight 
difference between the Q area of high lateral 
infarction and that of strictly anterior infarction 
is often due to only slight difference in the direc- 
tion of the vector at .01 or .02 second. It is 
probable that certain of the cases called high 
lateral infarction represent healing stages of 
strictly anterior infarction because the early 
QRS vectors are more nearly normal in direction 
in these cases than in the cases of strictly anterior 
infarction. 

Summary. Everyone, whether normal or ab- 
normal, has a Q area. That is, in every subject 
there is a region of the chest where Q waves of 
.04 second’s duration can be recorded. The only 
difference between the Q area of the normal 
subject and that of the subject with myocardial 
infarction is in its location. This must be borne 
in mind whenever deflections are recorded from 
non-conventional regions of the chest when 
looking for “infarct Q waves,”’ as has frequently 
been recommended in_ electrocardiographic 
literature. Occasionally, normal Q waves will be 
recorded when this is done and there is no way 
to differentiate these deflections from those 
of infarction from the wave contour alone. 

The distribution of the Q area in the normal 
subject has not been extensively studied. Never- 
theless, the difference in location of the Q area 
between the normal subjects and the subjects 
with infarction studied in this series of cases can 
be described in terms of the direction of the 
average or mean QRS vector during the first 
.04 second of the QRS interval (the mean .04 
vector). When this vector is directed more than 
45 degrees away from or is directed posteriorly 
to the mean spatial QRS vector in a patient with 
normal QRS duration, the QRS electrical field 
is abnormal and infarction is the likeliest cause. 
This is a much more precise and objective defini- 
tion of the QRS deformity of infarction than 
that based upon the distribution of Q waves in 
the various leads of the clinical tracing. Another 


AMERICAN JOURNAL OF MEDICINE 


QRS Deformity of Myocardial Infarction—Grant, Murray 


way of expressing this is in terms of the ap- 
proximate lie of the left ventricle (Figure 10A): 
When the mean .04 vector is directed away from 
a region of the left ventricular myocardium, 
QRS deformity of infarction is present; but 
when it is directed away from the location of the 
mitral-aortic orifice of the left ventricle, the 
QRS electrical field is normal. 

It has long been considered that Q waves of 
infarction are recorded from electrode locations 
which overlie the location of the infarct in the 
left ventricle. In a general way this may be true, 
for the Q area of infarction tends to lie on the left 
side of the chest while the Q area of the normal 
subject tends to lie on the right side of the chest. 
However, as can be seen in the illustrations, 
there are many normal subjects with Q areas 
that extend into the left side of the chest, 
especially posteriorly, and in these subjects Q 
waves may be recorded from regions of the chest 
overlying the left ventricle. Likewise, in most 
cases of infarction the Q area extends to a greater 
or lesser extent into the right chest. If one con- 
siders the location of the center of the Q area, this 
formulation becomes more valid. For example, 
with reference to Figure 10A, a plane passing 
through the mitral-aortic orifice of the left 
ventricle will intersect the surface of the body 
to the left of the neck superiorly, to the right of 
the umbilicus inferiorly; the intersection will pass 
along the right side of the chest surface anteri- 
orly and along the left side of the chest poste- 
riorly. The present studies indicate that when 
the center of the Q area lies to the left of this 
line infarction is present regardless of the dis- 
tribution of individual Q waves; when it lies to 
the right of this line the QRS field must be 
considered normal, as far as present day criteria 
and methods of recording are concerned. 

It is apparent, in any case, that the QRS elec- 
trical field abnormality represented by the Q 
wave criteria currently used for diagnosis of 
myocardial infarction is in most instances 
objectively and strikingly different from the 
QRS electrical field of the normal subject. This 
means that these Q wave criteria probably rarely 
lead to a false positive diagnosis of myocardial 
infarction. However, there are certain types of 
infarction which these criteria will tend to miss. 
The reason for the failures is partly related to the 
particular body points which are used for elec- 
trode locations for the conventional clinical 
leads. These locations, especially the precordial 
lead locations, were selected more or less 
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empirically in the past, and it is necessary that 
the Q area of infarction actually invade the 
location of one or more of these electrode posi- 
tions before Q waves of diagnostic duration will 
be seen in the clinical tracing. There are at least 
two abnormal Q areas which occupy regions of 
the chest where no electrodes for the conven- 
tional ECG are placed, and these two Q areas are 
therefore unaccompanied by any diagnostic Q 
waves in the routine tracing. These are the 
superior and the strictly posterior Q areas. The 
mechanism and type of QRS deformity which 
these two sites of infarction will produce have 
already been discussed. 

At present the easiest and most rational way to 
decide whether a Q wave of .03 to .04 second’s 
duration in a given lead is normal or abnormal is 
to study the distribution of the Q area for that 
subject. In most cases this can be done from the 
conventional clinical tracing by plotting null 
contours for two or three instants during the 
first .04 second of the QRS interval. If this 
proves to be difficult or inconclusive, V leads 
may be recorded in a systematic manner from 
the chest surface, as was done in these cases, and 
the Q area plotted from the deflections. This is 
the most accurate method yet devised for study- 
ing the body surface electrocardiogram in the 
human subject. In future clinical-electrocardio- 
graphic-pathologic correlation studies, the use 
of vector methods such as these will unques- 
tionably lead to greater accuracy in elec- 
trocardiographic recognition of myocardial 
infarction. 

Ill. A CONTROLLED STUDY OF THE QRS COMPLEX 
DEFORMITY PRODUCED BY MYOCARDIAL 
INFARCTION 


The most accurate way to study the effects of 
infarction on the QRS electrical field is to com- 
pare postinfarction and preinfarction tracings 
in the same patient. To this end 190 cases of 
infarction with one or more satisfactory tracings 
within one year prior to their first postinfarction 
tracing were collected.* Multiple precordial 
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V leads in addition to the conventional limb 
leads had been recorded in all cases. Cases with 
QRS prolongation beyond .12 second in either 
the preinfarction or postinfarction tracing were 
not included in the series. 

Vector methods of analysis were used to com- 
pare pre- and postinfarction tracings in each 
case. This is the most accurate method at present 
available for comparing two multiple lead 
electrocardiograms. The vector method used is 
the null contour method described, adapted to 
the twelve body surface leads of the clinical 
electrocardiogram. Because only twelve leads are 
recorded and because one cannot be certain that 
identical electrode locations were used for each 
tracing in a given patient, the vector calculations 
are necessarily much less accurate than in the 
earlier study. In brief, the method depends upon 
using the characteristics of the QRS complexes 
in the limb leads to determine the direction of 
the vector as projected on the frontal plane of 
the body. Then, the extent to which the vector 
is directed anteriorly or posteriorly to this 
frontal plane projection is determined by 
identifying the precordial lead electrode location 
where the transitional or isoelectric form of the 
deflection is written, for this electrode location 
lies on the null contour for that vector.’ Mean 
and instantaneous spatial QRS vectors, Q areas 
and QRS loops were calculated for both the 
pre- and postinfarction tracings for each case, 
just as in the earlier study. 

All but three of the 190 cases fell into one or 
another of three groups using the criteria de- 
scribed: (1) fifty-one cases of strictly anterior 
infarction, (2) thirty-seven cases of anterolateral 
or high lateral infarction, and (3) ninety-nine 
cases of diaphragmatic or inferior infarction. 
The remaining three cases were examples of 
strictly posterior infarction; however, only a 
single preinfarction tracing was available in each 
of these cases and therefore they are not included 
in the present study. 

It is important to realize that the cases were 
collected by searching among tracings which 
showed ECG changes identified as due to infarc- 
tion by the clinical staff of each of the institu- 
tions visited. To this extent the series is limited 
to cases which showed QRS and ST-T changes 
diagnostic of infarction by current widely 
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accepted criteria. No attempt was made to 
correlate the clinical or pathologic features with 
the ECG findings in these cases. 


RESULTS 


1. The Portion of the QRS Interval That Is In- 
volved by Myocardial Infarction. When the direc- 
tions of the instantaneous vectors in pre- and 
postinfarction tracings were compared in these 
cases, it was found that eleven cases showed 
deformity of less than the first .04 second of the 
QRS interval, while all the remaining cases 
(95 per cent of the entire series) showed deform- 
ity of the first .04 second or more of the QRS 
interval. Thus, in the overwhelming majority of 
cases the first .04 second of the QRS interval was 
deformed. This tends to confirm the empiric 
clinical criterion that an abnormal Q wave in a 
given lead must be .04 second in duration before 
it can be considered diagnostic of infarction. 

It is of interest that ten of the eleven cases with 
deformity of less than .04 second were in the 
strictly anterior group of cases, while those with 
deformity exceeding .04 second were principally 
in the diaphragmatic group of cases. This is 
probably due to the characteristics of precordial 
QRS complexes rather than to a difference in 
the nature of the electrical lesion. Normally 
the initial R waves at V; and V2 usually have a 
duration of only .02 second. Therefore the direc- 
tions of the early QRS forces need be abnormal 
for only the first .02 second in order to produce 
Q waves of .04 second’s duration diagnostic of 
infarction in these leads. On the other hand, the 
QRS complexes in leads 11 and aVF are usually 
positive for the later portions of the first .04 
second and therefore the instantaneous QRS 
vectors must be abnormal in direction for the 
entire .04 second or more in order to produce 
Q waves diagnostic of infarction in these leads. 

These points are illustrated in the following 
two cases: Case AS-7 in Figure 5 is an example of 
strictly anterior infarction with deformity of 
QRS forces for only the first .02 second of the 
QRS interval. Incidentally, it will be noted that 
in the postinfarction tracing there is a tiny Q 
wave in lead 1, initial R waves at V2 and V3; and 
a Q wave at V3. This is ordinarily considered 
to be the QRS pattern of anterolateral infarction. 
However, it can be seen by comparing the pre- 
and postinfarction null contour diagrams that 
the only effect of the infarction has been to cause 
the .01 and .02 second vectors to rotate poste- 
riorly. Therefore the electrical lesion was strictly 
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anterior in location. The effect on the conven- 
tional leads looks like an anterolateral infarction 
because the posterior rotation is not very great 
and the vector at .01 second was already right- 
ward in the preinfarction tracing. Case D-59 in 
the same figure demonstrates deformity of more 
than .04 second’s duration, with only the last .02 
second of the QRS interval remaining un- 
changed. This is best seen by comparing the 
pre- and postinfarction frontal plane QRS loops. 
It will be noted in this case that the R waves at 
Vi and V2 have become prolonged as a result of 
infarction. This is due to the anterior direction of 
the vectors during the first .04 second of the QRS 
interval, and indicates that the infarct has a 
somewhat posterior as well as diaphragmatic 
electrical location. As was mentioned earlier, 
these broad R waves are as diagnostic of infarc- 
tion in these leads as are Q waves of this duration 
in other leads. 

Occasionally, the QRS complexes are de- 
formed by anterior infarction without producing 
Q waves on any of the leads of the conventional 
tracing. Case AS-38 in Figure 5 is an example of 
this. There is no question but that the QRS com- 
plexes are altered in the postinfarction tracing 
but no Q waves of .04 second are to be seen in the 
routine tracing. Nevertheless, the Q area is near 
the location of the precordial leads, and there is a 
diagnostic abnormality present for, as can be 
seen in the drawing of the postinfarction QRS 
loop, the angle between the mean .04 vector and 
the mean spatial QRS vector is considerably in 
excess of 45 degrees. The principal alteration of 
the early vectors in this case has been the poste- 
rior rotation they have been caused to take. 
This posterior rotation is not as great as in the 
usual case in anterior infarction and that is 
why no Q waves are seen in the precordial leads. 

Are early QRS forces ever spared and only 
later forces deformed by infarction? The answer 
to this question was sought in a special group of 
cases. It has long been recognized that occa- 
sionally infarction will produce marked and 
characteristic alterations in the ST and T waves 
but no diagnostic Q waves. It was hoped that 
careful comparison of pre- and postinfarction 
tracings in such cases might disclose in certain of 
them unchanged initial QRS vectors but signif- 
icant alterations in later QRS vectors with no 
prolongation of the QRS interval. Seventeen 
such cases have been studied; and although this is 
a small number of cases, careful analysis failed 
to show significant change in either direction or 
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magnitude of the QRS instantaneous vectors in 
any of them. In short, no cases were encountered 
in the present study in which QRS vectors 
were altered by infarction without alteration of 
the very first vectors of the QRS cycle. 

2. Alterations in the Terminal Vectors of the QRS 
Interval by Myocardial Infarction. Perhaps the 
most important and certainly the most unex- 
pected finding in this study was the frequency 
with which all forces of the QRS interval were 
altered by infarction without significant prolon- 
gation of the QRS interval. In over a third of the 
cases in this series the terminal vectors of the 
QRS cycle were altered in addition to the early 
vectors. The terminal vector alteration was 
quite different from the initial vector alteration 
and also varied markedly with the electrical 
location of the infarct. 

Strictly anterior: Terminal vector alteration was 
infrequent in the strictly anterior group of cases, 
occurring in only eight of the fifty-one cases in 
this group. In two of the eight cases the QRS 
interval was prolonged from .08 second to .10 
second and in the remaining six there was no 
measurable prolongation of the QRS interval. 
In all eight cases the terminal vector was caused 
to point superiorly and rightward in the frontal 
plane so that S waves appeared in all three limb 
leads. In three of the eight cases the terminal 
vector also pointed slightly anteriorly so that 
there was a terminal R’ in V; and V2 producing 
a QRS pattern in the conventional leads which 
was indistinguishable from what has been called 
the SSS; pattern. This was the only type of 
terminal vector alteration seen in the strictly 
anterior infarct cases, and case AS-54 in Figure 
6 illustrates it. This S;S2S3 type of terminal 
vector change was also seen in four of the 
diaphragmatic infarction cases and in one case of 
anterolateral infarction, indicating that its 
occurrence is unrelated to the location of the 
infarct. 

It is of interest that in all twelve cases with 
this type of terminal vector alteration following 
infarction the terminal .02 vector was rightward 
in the preinfarction tracing, a direction which 
occurred in less than 15 per cent of the pre- 
infarction tracings in the series as a whole. This 
suggests that there was perhaps some vulnerable 
variation in conductivity at the base of the 
septum or in the region of the crista supraven- 
tricularis of the right ventricle before the infarc- 
tion took place. It was not due to a hemodynamic 
disturbance such as cor pulmonale, for the 
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Fic. 6. Comparison of pre- and postinfarction tracings in three cases. Tracings mounted as in the 
The Q area (shaded) and the mean direction of QRS vectors during the first .04 seconds of the QRS interval (the 
‘“‘mean .04 vector”) are shown in the first cylindrical reference figure for each tracing. In the second cylindrical 


reference figure the direction of the vector for the last .02 seconds of the QRS interval is shown. 
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electrocardiographic defect did not disappear 
after the acute stages of the infarction subsided 
in any of the cases. 

Anterolateral: Among thirty-seven cases of 
anterolateral infarction seventeen or nearly half 
of the cases showed alterations in direction 
of the terminal .02 vector when pre- and post- 
infarction tracings were compared. In six of 
these cases the QRS interval was prolonged by 
.02 second, and in the remaining eleven cases 
there was no measurable prolongation of the 
QRS interval. In all seventeen cases the termi- 
nal .02 vector pointed superiorly, leftward and 
posteriorly after infarction and was always 
directed slightly posteriorly to the electrical 
location of the infarct. Case AL-35 of Figure 6 
illustrates this terminal vector alteration and it 
can be seen that the vector points posteriorly 
to the location of the Q area. 

There were four cases in which as a strictly 
anterior infarction extended laterally it acquired 
this type of terminal vector defect. Case AS-9 
in Figure 7 illustrates this. In the first post- 
infarction tracing the effects of strictly anterior 
infarction are present and it can be seen that the 
terminal part of the QRS complex is unchanged 
in any of the leads. However, in the second post- 
infarction tracing, taken three weeks later, the 
initial vectors are further changed in direction, 
now pointing rightward, as if away from a more 
lateral region of the heart. With this extension 
the terminal forces are for the first time altered 
in direction, pointing in the direction seen in 
other cases of anterolateral infarction. 

Case AS-40 of Figure 7 illustrates another 
feature of the terminal vector alteration which 
follows infarction. In the first postinfarction 
tracing it can be seen that the initial vectors 
have been rotated rightward by the infarction, 
indicating that the electrical defect had an 
anterolateral location, and a terminal vector 
alteration has taken place which is similar to 
that seen in other cases of anterolateral infarc- 
tion. However, in the second postinfarction 
tracing, taken three days later, the QRS com- 
plexes have become prolonged by .04 second, 
now measuring .12 second. The important fea- 
ture here is that there has been little or no 
alteration in direction of either the early or 
terminal vectors in this tracing; the QRS com- 
plexes in the various leads are exactly the same 
in contour, showing only prolongation of the 
last part of each complex. If this prolongation 
were due to left bundle branch block, which it 
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superficially resembles, there should be a change 
in the direction of the initial forces of the QRS 
cycle, for the pathways of excitation during the 
first .04 second are altered by this type of block. 
On the other hand, if it were due to a block of 
more peripheral extensions of the conduction 
network, one would expect the terminal forces to 
be altered in direction in accordance with the 
altered sequences of late depolarization. Neither 
of these occurred. The only other explanation for 
this prolongation of terminal QRS forces with 
no change in their direction is to postulate either 
a slowing of conduction permeation or a greater 
persistence of depolarization as a membrane event 
in this last region of the heart to be activated. 
This type of QRS prolongation is not uncommon 
and is probably not restricted to myocardial in- 
farction. It is frequently permanent and does not 
appear to be of serious clinical import in itself. 

Diaphragmatic: Among the ninety-nine cases of 
diaphragmatic infarction, thirty-four or one- 
third of the cases showed terminal vector altera- 
tions. As mentioned earlier in four cases the 
S:S2S3 type of terminal vector alteration was 
produced. In the remaining thirty cases the 
terminal vector was caused to point rightward, 
inferiorly and slightly posteriorly. In ten of the 
thirty cases the QRS interval was prolonged 
by .01 to .02 second and in the remainder no 
measurable prolongation of the QRS interval 
took place. Case DAL-8 in Figure 8 illustrates 
this terminal vector alteration in diaphragmatic 
infarction. 

The mechanism for the terminal vector altera- 
tion in myocardial infarction is not known. In 
1950 First, Bayley and Bedford® described a 
conduction defect following myocardial infarc- 
tion in which, with the QRS interval prolonged 
beyond .12 second, the terminal vectors were 
relatively opposite in direction to the initial 
vectors. The authors termed this infarction 
pattern “peri-infarction block’? and suggested 
that with a subendocardial location of the infarct 
the normal perpendicular spread of excitation 
from endocardium to the unifarcted epicardium 
overlying the infarct was prevented, and 
excitation could reach this region only by circuit- 
ous spread around the infarct with resultant 
delay of .04 second or more. In the present study 
the terminal vectors in the diaphragmatic and 
anterolateral cases were relatively opposite 
in direction to the initial QRS vectors. To this 
extent the concept of peri-infarction block may 
be a satisfactory explanation. However, unlike 
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of pre- and postinfarction tracings in three cases. 
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the cases described by First et al., there was little 
or no QRS complex prolongation in these cases. 
It must be presumed therefore that the region 
where excitation was delayed was normally 
excited during the first .04 second of the QRS 
interval and the delay was only .04 to .06 second 
in duration. 

As a possible explanation for this type of peri- 
infarction block one may consider the conduc- 
tion network in the left ventricle as consisting 
of two pathways which are effectively syncytial 
with one another over large areas of the myo- 
cardium. Under normal circumstances excita- 
tion spreads simultaneously by both pathways 
during the first .04 second of the QRS interval. 

These two pathways correspond, perhaps, to 
the anterior and posterior subdivisions of the 
left bundle branch for which there is consider- 
able anatomic and some physiologic evidence.*'* 
Anterolateral infarcts tend to lie in the distribu- 
tion of the anterior subdivisions and diaphrag- 
matic infarcts tend to lie in the distribution of 
the posterior subdivisions. An infarct in one 
region would, if it involved a large enough 
portion of the network, cause excitation to spread 
largely by way of the other pathway so that 
excitation of the myocardium adjacent to the 
infarct would be delayed by .04 second but there 
would be little or no prolongation of the QRS 
interval. There are three observations which 
tend to support this concept: (1) The terminal 
vectors following anterolateral infarction do not 
point toward the infarcted region but to a region 
slightly posterior to it, as if the region of delayed 
depolarization did not overlie the infarct but 
lay just distal to it in a conduction sense. (2) The 
terminal vectors are usually relatively large in 
magnitude, indicating that the surface area of 
the delayed region must be quite large and per- 
haps larger than the surface area of the tissue 
overlying an average-sized infarct. (3) The 
terminal vector directions in the two types of 
peri-infarction block are remarkedly stereotyped 
from case to case, indeed considerably more 
stereotyped than the directions of the initial 
vector for each of the various locations of 
infarction. 

There was another type of terminal vector 
abnormality encountered in this series which is 
believed to be due to a mechanism different 
from that of peri-infarction block. It is uncom- 
mon, having been seen in only three cases in the 
entire series, yet in each case there were several 
tracings at each stage of its evolution so that its 
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characteristics are well documented. Case AL-43 
in Figure 6, a case of anterolateral infarction, is 
an example of this. In the first postinfarction 
tracing both initial and terminal vectors are 
altered in direction without QRS prolongation. 
But, unlike peri-infarction block, the terminal 
vectors have the same direction as the initial 
vectors. Thus all resultant electrical forces dur- 
ing the QRS interval are directed rightward and 
inferiorly. A possible explanation for this parallel 
deformity of initial and terminal vectors is that 
both endocardial and epicardial regions of the 
infarct have become electrically inert and there- 
fore both the initial and the terminal vectors 
tend to point away from the location of the 
infarct. In other words, the infarct has become 
transmural in an electrical sense. In the case 
illustrated this type of deformity lasted one 
month at which time the infarct extended further 
laterally, as indicated by the change in direction 
of the initial vectors in the third tracing. With 
this extension the terminal vectors rotated to the 
direction which is characteristic of peri-infarc- 
tion block in anterolateral infarction. In an- 
other case the transmural effect lasted only four 
days when, without evidence of extension, it was 
replaced by typical peri-infarction block of 
anterolateral infarction. It may be assumed that 
in this case the electrical effects of infarction were 
transmural only transiently. 

3. Effect of the Directions of QRS Forces Prior to 
Infarction upon the Type of QRS Deformity Produced 
by Infarction. The directions which the initial 
QRS vectors are caused to take following infarc- 
tion must depend to a certain extent upon their 
directions prior to infarction. For example, as- 
sume that of two subjects, A and B in Figure 9, 
in one the initial QRS vector prior to infarction 
is directed vertically, while in the other it is 
directed horizontally (pre and pre’). Then 
assume each acquires the same sized infarct in 
exactly the same region of the heart. The 
electrical forces which were generated from 
this region prior to infarction would be exactly 
the same in magnitude and direction and can be 
expressed by the “‘infarct vectors” (X and X’). 
The postinfarction initial vector equals the pre- 
infarction vector minus the electrical activity 
removed by the infarct. Therefore, by using the 
parallelogram method of vector addition and 
subtraction in these two examples, one can 
subtract the infarct vector from the preinfarc- 
tion vector to determine the direction of the 
post infarction vector for each case (post and 
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post’). In subject A it can be seen that the infarct 
has produced a postinfarction vector which is 
relatively horizontal; as shown in the triaxial 
diagram this will produce a Q wave on lead 
111 but no Q wave in the other limb leads. On the 
other hand, in subject B, with exactly the same 


Fic. 9. Diagram illustrating the effect of the preinfarction 
QRS electrical force upon the type of QRS electrical 
force deformity which is produced by infarction. In case 
A (above) the preinfarction force is relatively vertical 
while in case B (below) the preinfarction force is more 
horizontal. See text for discussion. 


location of infarction, the postinfarction vector 
is directed more superiorly, producing Q waves 
in lead 1 and aVF as well as lead m1. 

Given the pre- and postinfarction tracings in a 
given Clinical case the reverse of this procedure 
must be followed. That is, the postinfarction 
vector is subtracted from the preinfarction vector 
to determine the direction and magnitude of the 
electrical activity removed by the infarct—the 
“infarct vector.”’ Since this is the electrical 
activity removed by the infarct it will, according 
to present theory of cardiac excitation, point 
toward the region of the heart where the infarct 
has produced its electrical effect, and perhaps 
therefore it points toward the infarct itself. Such 
a calculation from the conventional tracing is 
necessarily extremely crude and it requires 
technically perfect tracings. However, one can 
roughly tell the site of the electrical defect simply 
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by noting the directional change of the vectors 
during the first .04 second of the QRS interval 
by comparing the pre- and postinfarction vector 
plots. For example, in Case DAS-16 in Figure 8 
it can be seen that each of the instantaneous 
vectors has become rotated posteriorly from its 
preinfarction direction. Therefore the infarct 
had its principal electrical effect in the anterior 
portion of the left ventricle, according to cur- 
rent theory of the way in which infarction alters 
QRS electrical forces.* 

In the majority of cases the location of the 
electrical defect was reasonably similar to the 
location one would have anticipated from the 
distribution of Q waves in the conventional 
tracing by assuming that the electrode locations 
where the abnormal Q waves were recorded 
overlie the location of the electrical defect. 
However, there were three circumstances in 
which the distribution of Q waves in the post- 
infarction tracing was misleading as to the 
electrical location of the infarct. One of these 
was seen in the cases called anterolateral infarc- 
tion from the postinfarction tracing. This was 
described earlier in connection with Case AS-7 
in Figure 5 where it was pointed out that al- 
though the conventional leads in the postinfarc- 
tion tracing are those of anterolateral infarction, 
the change in vector direction is that of a strictly 
anterior infarction. There were seven other 
examples of this among the thirty-seven cases 
called anterolateral infarction from the post- 
infarction tracing. 

The other two situations in which the post- 
infarction tracing was misleading as to the 
location of the electrical defect were in the 
diaphragmatic infarct group of cases. Among the 
ninety-nine cases called diaphragmatic infarc- 
tion from the postinfarction tracing, there were 
thirty-one cases in which, in addition to signifi- 
cant Q waves in leads 1 and m, there were Q 
waves of .04 second’s duration in certain of the 
precordial leads. Those with Q waves at V; and 
V2 are generally considered to represent infarc- 
tion of an anterior region of the diaphragmatic 
surface of the heart. Those with Q waves at 
more lateral precordial electrode positions in 
addition to leads 1 and 1 are usually considered 
to represent infarctions of more apical regions 
of the diaphragmatic surface of the heart. 

However, when the direction of the initial 
vectors in the preinfarction tracings were studied 
in these thirty-one cases, it was found that over 
50 per cent had .01 and .02 second vectors which 
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were superiorly directed prior to infarction. 
This direction was seen in less than 10 per cent 
of preinfarction tracings in the series as a whole. 
Case D-67 of Figure 8 is an example of this 
and illustrates that when the initial QRS vectors 
are superiorly directed before infarction a 
conventionally located diaphragmatic infarct 
will cause these initial vectors to point even 
more superiorly than is usually the case following 
diaphragmatic infarction. It is this more 
markedly superior direction of the vectors during 
the first .04 second of the QRS interval that 
produced the Q waves in the more lateral pre- 
cordial leads in this case. There were eight other 
examples of this among the twenty-four cases 
called “‘apical’’ diaphragmatic infarction from 
the postinfarction tracing. 

On the other hand, among seventeen cases 
called anterodiaphragmatic infarction from the 
postinfarction tracing there were nine cases in 
which the initial QRS vectors were superiorly 
directed prior to infarction. Comparison of the 
pre- and postinfarction directions of the initial 
QRS vectors in these cases showed that there 
had been little or no change in the frontal plane 
directions of these vectors and the principal 
change was the posterior rotation of the initial 
vectors. This is illustrated by Case DAS-16 of 
Figure 8. The principal change in the early 
vectors in this case is their posterior rotation, so 
the electrical defect is more strictly anterior in 
location than diaphragmatic. 

Using this method for identifying the location 
of the electrical defect, all cases in this series were 
reviewed to see what the distribution of the 
electrical defect was for all types of infarction. 
The findings are indicated in Figure 10. 

This distribution indicates that with current 
QRS criteria for myocardial infarction only 
those cases with electrical lesions on the anterior 
and diaphragmatic surfaces of the heart are 
recognized. (There were three cases of strictly 
posterior infarction from the _postinfarction 
tracing which were not included in the analysis: 
they probably represented diaphragmatic in- 
farction which included posterior portions of 
the left ventricle.) On the other hand, it is well 
to remember that only those cases which showed 
QRS complex or ST-T wave alterations cur- 
rently accepted as “‘diagnostic’’ of infarction 
were studied. It is altogether possible that there 
are other types of QRS deformity which infarc- 
tion can produce but are not recognized and 
therefore were not included in this series. 
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The distribution of the electrical defects in 
this series of cases somewhat parallels the outline 
of the septum. It is probable, then, that current 
QRS criteria for myocardial infarction will 
identify lesions which have an electrical effect on 
or relatively adjacent to the septum. This leaves 
a considerable portion of the left ventricle unac- 


Fic. 10. A, schema showing the position of 
the left ventricle in the chest. The heart is 
viewed frontally, with the patient recumbent. 
The free wall of the right ventricle has been 
removed at its line of attachment to the left 
ventricle. It can be seen that the septum (the 
portion of the left ventricle to which the 
right ventricle attaches) faces anteriorly in 
its upper part and inferiorly in its lower part. 
The dotted line outlines the mitral-aortic 
orifice. B, the effective location of the elec- 
trical defect of infarction in 187 cases, cal- 
culated by the method described in the text. 
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counted for, as far as infarction is concerned. 
Perhaps this is one of the reasons why present 
QRS criteria for the recognition of myocardial 
infarction do not identify all the infarcts seen at 
autopsy. 

On the other hand, it is important to remem- 
ber that the anatomic site of infarction is not 
necessarily identical with its electrical location. 
The two are, after all, different manifestations 
of the infarction process. The early stages of 
ventricular depolarization being a nearly in- 
stantaneous process,*—" it is possible to conceive 
of conduction relationships which would cause 
infarcts in various regions of the heart to be 
referred electrically to more proximate regions 
along the anterior and posterior subdivisions of 
the left bundle branch network. In any case it is 
important to note that all cases in the present 
series showed abnormality in direction of the 
very first QRS electrical force following infarc- 
tion. Therefore, it must be concluded that, 
whatever the anatomic location of the infarct, 
its electrical mechanism must be such that the 
very first part of the myocardium to generate 
electrical activity of sufficient magnitude to be 
recorded at the body surface is involved by the 
infarction process. 


CONCLUSIONS 


1. Two approaches are used to study the QRS 
complex deformity produced by myocardial 
infarction. In the first approach vector methods 
are used to compare the distribution of electrical 
positivity and negativity on the chest surface for 
several instants during the QRS cycle in thirty- 
eight normal subjects with that in seventy-seven 
subjects with QRS complex deformity of 
myocardial infarction. In the second approach 
pre- and postinfarction tracings are compared 
by vector methods in 187 subjects as a con- 
trolled study of the QRS complex defect pro- 
duced by infarction. 

2. From the results of the first analysis a 
systematic method is described for cataloging 
infarcts from the distribution on the chest of the 
area of electrical negativity for the first .04 
second of the QRS interval (the region of the 
chest where Q waves of .04 second would be 
recorded in unipolar leads). The empiric Q 
wave criteria currently used for the diagnosis of 
infarction are reformulated in electrical terms 
and a rational method for studying abnormal 
or suspicious Q waves is described. 

3. From the results of the second part of this 
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study it is concluded that in 95 per cent of cases 
of infarction in which QRS deformity is pro- 
duced, at least the first .04 second of the QRS 
interval is deformed. This means that from a 
pattern point of view a Q wave should be at 
least .04 second in duration in a given lead before 
it can be considered diagnostic of myocardial 
infarction. Other types of deformity in addition 
to Q waves which infarction may produce in the 
first part of the QRS complex are described. 

4. Four types of deformity of the terminal part 
of the QRS complex without prolongation of 
the QRS interval were encountered in associa- 
tion with myocardial infarction. Two of these 
are considered to be types of peri-infarction 
block. They were seen in nearly a third of the 
cases in the series, depending upon the electrical 
location of the infarct. 

5. The effect of the direction of the QRS elec- 
trical forces prior to infarction upon the distribu- 
tion of Q waves which infarction of a given 
location in the heart will produce was studied. 
From this analysis it was possible roughly to 
determine the effective location of the electrical 
defect within the heart in each case. It was found 
that, whatever the actual anatomic location of 
the infarct, it must have an electrical effect upon 
the septum or paraseptal regions of the heart 
and must also involve the very first part of the 
heart to undergo depolarization in order to 
produce the QRS complex deformities of a 
type which is currently considered diagnostic of 
infarction. This represents only a part of the 
entire left ventricle and perhaps helps to explain 
why only a limited number of infarctions proved 
at postmortem examination are recognized 
electrocardiographically with present day cri- 
teria. The use of vector methods in future patho- 
logic-electrocardiographic correlation studies 
should greatly improve these criteria. 
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VIII. The Genesis of the Coronary QS Wave in Through-and-through 
Infarction 
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genesis of coronary QS waves was 

originally formulated by Wilson and his 
associates. In a classic experimental study '* these 
workers recorded epicardial and cavity leads 
from infarcted ventricles in the dog. The epicar- 
dial surface over through-and-through infarcts 
vielded pure negative deflections strikingly 
similar to the QS waves recorded from the 
ventricular cavity. It was therefore concluded 
that coronary QS complexes result from un- 
altered transmission of the negative cavity poten- 
tial through a “hole” or “‘window” of dead 
muscle to the ventricular surface.” 

The coronary QS wave is universally regarded 
as the only unequivocal electrocardiographic 
sign of through-and-through muscle death.** 
Wilson’s observations on the genesis of this 
complex thus represent one of his most notable 
contributions to scientific electrocardiography. 
Direct confirmation of these observations, how- 
ever, has not yet been reported. 

By utilizing newer electrocardiographic tech- 
nics it is now possible to devise a test of classic 
theory concerning the origin of coronary QS 
waves. The test consists of comparing surface 
and cavity leads with intramural tracings from 
various depths of an infarct. If negative cavity 
potentials are transmitted unaltered to the 
ventricular surface, identical potentials should 
occur at all levels from cavity to epicardium. 
Essentially similar QS waves thus would appear 
in Cavity, intramural and epicardial leads. If the 


core theory concerning the 


complexes in these leads are dissimilar, unaltered 
transmission of the cavity potential must not 
occur. This reasoning is applied in the following 
analysis of tracings from through-and-through 
infarcts. 

MATERIALS AND METHODS 


The experimental methods used to produce 
and study myocardial infarction have been 
described in detail elsewhere.* In each of sixty- 
eight dogs the anterior descending coronary 
artery was ligated. Chronic infarcts were al- 
lowed to develop over a period of several days, 
weeks or months. Electrocardiographic examina- 
tions were then carried out. After routine pre- 
cordial tracings had been made, multiple direct 
epicardial leads were recorded from the surface 
of the infarct. A cavity lead was registered simul- 
taneously with each epicardial tracing. In most 
experiments intramural leads were recorded 
from various levels directly beneath the epi- 
cardial lead-point. A tiny plunge electrode 
which registers essentially local potentials was 
used to obtain the intramural and cavity 
records. 

A test for injury currents was made by apply- 
ing pressure to each epicardial lead-point. This 
technic, utilized by Wilson and associates, '’ 
demonstrates whether or not the local myo- 
cardium is completely dead. If viable muscle 
persists near the electrode, pressure causes 
elevation of the S-T segment. Isoelectricity 
returns promptly with cessation of pressure. 
If the muscle is completely dead, pressure does 


* From the Institute for Medical Research, Cedars of Lebanon Hospital, and the Department of Medicine, Uni- 
versity of California School of Medicine, Los Angeles, Calif. Aided by grants of the United States Public Health Service 
and the L. D. Beaumont Trust Fund. Presented before the American College of Chest Physicians, California Chapter, 
Dec. 2, 1951; the Society for Experimental Biology and Medicine, Feb. 7, 1952, and the Boston City Hospital, May 9, 


1952. 
t Research Fellow, American Heart Association. 
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not affect the S-T segment. Similarly, insertion 
of the sharp-tipped plunge electrode causes S-T 
segment elevation in intramural leads from 
viable muscle. The segment gradually returns 
toward the baseline, becoming isoelectric or 
reaching minimal amplitude within two to ten 
minutes. If the intramural muscle is completely 
dead, S-T segment deviation does not occur in 
the intramural tracing. The injury current test 
thus can be used to show the status of intramural 
as well as epicardial muscle. 

High speed cinematographs of sixteen ven- 
tricles were recorded after the electrocardio- 
graphic exploration. The cinematographs pro- 
vide direct evidence concerning the effect of 
infarction on ventricular contractility. Marked 
ballooning of the ventricular surface character- 
izes the appearance of non-contractile regions 
while other portions of the ventricle are in 
systole. 

Upon completion of the electrocardiographic 
and cinematographic studies the infarcted 
ventricles were removed and sectioned. Histologic 
slides of selected regions were then made. All 
slides were examined “blind”; that is, the ob- 
server did not know the electrocardiographic 
data obtained from the muscle under the 
microscope. After each slide had been graded the 
electrocardiographic and pathologic data were 
compared. An excellent correlation was noted 
between the results of injury current tests and 
the histologic status of the myocardium. The 
muscle which failed to yield injury currents 
always appeared completely fibrotic or necrotic. 
Conversely, the sites yielding elevated S-T 
segments consistently showed histologic evi- 
dence of viability. 


RESULTS 


Of the sixty-eight infarcts in the series more 
than half did not reveal histologically demon- 
strable through-and-through muscle death. Most 
of the remaining infarcts were excluded from the 
present analysis for one of the following reasons: 
(1) The region of through-and-through infarc- 
tion appeared extremely narrow. (2) Well 
stained histologic slides of the region were not 
available. (3) Complete electrocardiographic 
data had not been obtained from the through- 
and-through portion of the lesion. When these 
instances had been eliminated, sixteen through- 
and-through infarcts remained. 

Pathologic Data. The sixteen infarcts were 
studied from 11 to 136 days after coronary 
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artery ligation. In each instance histologic 
examination disclosed a broad area completely 


_ devoid of viable muscle. These areas consisted 


entirely of fibrotic and/or necrotic tissue extend- 
ing from endocardium to epicardium. The 
relative amounts of fibrosis and necrosis varied 
with the age of the infarct. Fibrosis predominated 
in the older lesions while the lesions of shorter 
duration were primarily necrotic. Most of the 
regions of through-and-through infarction were 
bordered on either side by patches of live muscle 
or by subendocardial extensions of the infarct. As 
shown by comparison with normal muscle in the 
same slide, the regions of through-and-through 
death had undergone some shrinkage in the 
thickness of the wall. A rough correlation be- 
tween the degree of shrinkage and the age of the 
infarct was usually but not invariably observed. 

Electrocardiographic Data. Tracings were re- 
corded from the epicardium directly over and 
from the cavity directly under each region 
of through-and-through infarction. Intramural 
leads from several levels of each region also were 
obtained. As shown in Figures 1 and 2 the epi- 
cardial, intramural and cavity tracings con- 
sistently presented pure QS waves. In each 
instance the intramural and cavity complexes 
appeared identical in magnitude and configura- 
tion. The epicardial complex was identical with 
the intramural and cavity complexes except for 
the occasional occurrence of a somewhat deeper 
epicardial deflection. All levels of the through- 
and-through infarct thus yielded QS waves 
identical or almost identical with the cavity QS. 

For purposes of timing, all tracings from a 
given infarct were recorded simultaneously with 
the same cavity lead. The records were made at 
the rapid paper speed of 125 mm. per second, 
thus making possible accurate comparisons of 
timing. In every instance the QS waves began 
simultaneously in epicardial, intramural and 
cavity leads. 

Isoelectric S-T segments and upright T waves 
were recorded from all levels of the sixteen 
through-and-through infarcts. (Figs. 1 and 2.) 
Pressure on the surface of the lesions always failed 
to cause S-T segment elevation in the epicardial 
leads. Manipulation of the plunge electrode at 
intramural levels likewise failed to elicit injury 
currents. Heating of the epicardium did not 
alter the T wave. In contrast, these procedures 
consistently yield S-T segment and T wave 
changes in leads from normal or partially 
damaged muscle.*:® Hence the absence of viable 
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Fic. 1. .. Histologic section and electrocardiograms from infarct produced bee coro- 

nary artery ligation. Tracings recorded at paper speed of 125 mm. per second. 
rehire. 20 mv. equal 15 mm. Black line represents path of plunge electrode. 
Fibrotic or necrotic tissue appears whitish-gray, live cardiac muscle grayish-black. 
Section shows through-and-through infarct. No live muscle remains in region of 
plunge electrode. Epicardial QS wave is essentially identical in timing, magnitude 
and configuration with intramural and cavity QS waves. Isoelectric S-T segments 
and upright T waves also appear identical in all leads. 


Fic. 2. Epicardial, and leads from region of 
through infarction produced by coronary artery ligation. Muscle is com- 
pletely infarcted at all levels from endocardium to epicardium. Identical QS 
waves, isoelectric S-T segments and upright T waves are seen in all leads. 
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tissue in the sixteen regions of through-and- 
through infarction was demonstrated by electro- 
cardiographic as well as histologic methods. 

Cinematographic Data. High speed cinemato- 
graphs consistently failed to show contractions 
in regions of through-and-through muscle death. 
As compared with adjacent areas, the surface of 
the through-and-through infarct appeared to 
balloon during systole. This direct evidence of 
impaired contractility confirmed the absence 
of viable muscle in the underlying wall. 

The preceding data are entirely consistent 
with Wilson’s observations on through-and- 
through infarction. All sixteen through-and- 
through lesions yielded epicardial and intra- 
mural QS waves essentially identical with the 
cavity complex. In these instances, therefore, the 
coronary QS waves must have resulted from 
unaltered transmission of cavity negativity 
through completely dead muscle to the surface 
of the heart. A second type of coronary QS wave 
which does not result from unaltered transmis- 
sion of cavity potentials will be discussed in the 
following paper. 

The use of “‘plunge”’ electrodes to record intra- 
mural leads from inside the ventricle is rela- 
tively new. Epicardial and cavity leads, on the 
other hand, have been employed for many years 
and are generally regarded as a reliable method 
of registering local potentials. The reliability of 
the intramural lead technic thus may be tested 
by comparing intramural tracings with epi- 
cardial and cavity tracings. Since the sixteen 
through-and-through infarcts observed in the 
present study were devoid of live muscle, all 
levels of the ventricle from endocardium to epi- 
cardium must have presented the same potential 
as the cavity. Therefore, if the plunge electrode 
accurately recorded potentials within the infarct, 
the intramural tracings would be identical with 
the epicardial and cavity tracings. Conversely, if 
significant artifacts were present in the intra- 
mural tracings, they would have differed mark- 
edly from the epicardial and cavity tracings. 
Actually, the intramural, epicardial and cavity 
complexes were always identical or almost 
identical. Hence the plunge electrode was shown 
to register accurately local intramural potentials 
in infarcted muscle. As reported previously” 
a comparable observation was made in unin- 
farcted hearts by recording intramural leads 
immediately above the endocardium simul- 
taneously with cavity leads from directly subja- 
cent sites. Essentially similar complexes occurred 
in the intramural and cavity tracings. Intra- 
mural leads recorded immediately below the 
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epicardium likewise showed complexes almost 
identical with those in epicardial leads from 
directly superjacent sites. Since the cavity and 
epicardial records presumably were accurate, 
any significant artifacts in the subendocardial 
or subepicardial tracings would have caused 
them to differ, respectively, from the cavity or 
epicardial tracings. Thus the technic of intra- 
mural lead electrocardiography appears to 
provide a reliable means of recording local 
potentials in normal as well as in infarcted 
ventricles. 


SUMMARY 


The electrocardiogram of through-and- 
through infarction was studied in sixteen dogs 
with chronic lesions produced by coronary artery 
ligation. Failure to elicit injury currents at epi- 
cardial and intramural levels established the 
absence of viable muscle within the infarcted 
regions. Histologic examination confirmed that 
the regions were completely dead. 

Direct leads from the epicardium and from 
various intramural levels of each region yielded 
pure QS waves identical or almost identical with 
the cavity QS complex. This observation indi- 
cated that the negative cavity potential was 
transmitted unaltered through the infarct, caus- 
ing the coronary QS wave. 
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Studies on the Mechanism of Ventricular 
Activity” 
IX. The *‘Mural-type’’ Coronary QS Wave 


Morton MAXwELL, M.D.,t REXFORD KENNAMER, M.D. and MyYRON PRINZMETAL, M.D. 
Los Angeles, California 


has been noted in the preceding paper' that 

regions of through-and-through infarction 

yield epicardial QS complexes identical in 
timing and configuration with the QS waves in 
intramural and cavity leads from subjacent 
sites. This observation confirms the general 
belief, originally proposed by Wilson,’ that the 
negative cavity potential is transmitted unal- 
tered through the “‘hole’’ of dead myocardium to 
the epicardial surface, resulting in a “‘cavity- 
type” coronary QS wave. 

Of the coronary QS waves recorded in the 
present study of sixty-eight chronic infarcts less 
than half were of the cavity type. A second type 
of coronary QS wave was frequently found 
which, unlike cavity-type QS waves, did not 
occur over through-and-through infarcts. In- 
stead, these deflections appeared over regions 
presenting histologic, electrocardiographic and 
physiologic evidence of viability. Since such 
QS waves cannot represent unaltered trans- 
mission of cavity negativity, they must be at 
least partially determined by electrical activity 
of live muscle in the ventricular wall. They may 
therefore be termed “‘mural-type” coronary QS 
waves. 

The mural-type QS complexes discussed in 
this paper may represent a clinically important 
electrocardiographic aberration worthy of de- 
tailed analysis. According to classic theory, 
pure QS waves occur when the entire thickness 
of the ventricle beneath the electrode is com- 
pletely dead. The present study shows that these 
deflections also often appear when significant 
amounts of viable muscle remain within the 


underlying wall. In many patients, therefore, 
coronary QS waves may indicate less grave 
myocardial damage than previously supposed. 
The following correlation of histologic, electro- 
cardiographic and cinematographic data from 
ventricular regions yielding mural-tvype QS 
waves thus should be of practical as well as 
theoretic interest. Also included in the report are 
(1) a series of relatively acute experiments in 
which electrocardiograms were made _ within 
forty-eight hours after ligation of the coronary 
artery and (2) studies designed to demonstrate 
the electrocardiographic changes associated 
with destruction of the outer ventricular layers. 


PART I. THE MURAL-TYPE QS WAVE IN CORONARY 
ARTERY DISEASE 


As described elsewhere,*~* chronic myocardial 
infarcts were produced in sixty-eight dogs by 
ligation of the anterior descending coronary 
artery and studied by electrocardiographic, 
cinematographic and histologic technics. Those 
experiments which fulfilled the following criteria 
were selected for the present analysis of mural- 
type QS waves: (1) Pure QS waves appeared in 
at least one epicardial lead despite the presence 
of live muscle in the underlying wall. Complexes 
with embryonic r waves or marked notches on 
the downstroke or upstroke were excluded. (2) A 
cavity lead and intramural leads from several 
depths were recorded directly beneath the 
epicardial lead-point. (3) Well stained histologic 
sections of the transmural region beneath the 
epicardial lead-point were available for cor- 
relative study. Classification of the histologic 
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Fic. 1. Histologic section and produced by coronary artery ligation. Tracings recorded 
at paper speed of 125 mm. per second. Arrow represents path of plunge electrode used to register intramural leads. In- 
farcted tissue appears grayish white, live cardiac muscle grayish black. Transmural infarct is present to right. Large 
fibrous strand extends through region over which QS wave was recorded. Subendocardial layers of this region appear 
essentially normal. Epicardial lead (surface) exhibits mural-type QS wave followed by isoelectric S-T segment. Ap- 
plication of pressure near epicardial lead-point elicited injury currents, manifested by elevation of S-T segment (second 
tracing from top). Intramural leads recorded 2 mm. and 5 mm. below epicardium show tiny initial r waves followed by 
deep S waves. Marked S-T segment elevation in intramural lead from 10 mm. depth was registered immediately after 
insertion of plunge electrode. Cavity presents pure QS wave considerably deeper than epicardial QS wave. Both histo- 
logic appearance and elevated S-T segments at epicardial and subendocardial levels establish that live muscle remained 


within region yielding mural-type QS wave. 


sections according to distribution and degree of 
pathologic disorder was done independently by 
three workers who were not acquainted with the 
electrocardiographic data obtained from the 
muscle under observation. 


RESULTS 


Because of the arbitrarily rigid criteria for 
selection, a total of only seventeen epicardial 
leads presenting mural-type QS waves was 
included in the analysis. These leads were 
recorded in fifteen hearts with infarcts ranging 
in age from eleven to forty-nine days after liga- 
tion of the coronary artery. 

Pathologic Changes. Grossly, all of the fifteen 
hearts presented infarcts involving transmural 
portions of the left ventricle. The infarcts varied 
in size and location, the majority occurring in the 
anteroseptal wall. 

Histologic examination of the transmural 
regions over which mural-type QS waves were 
registered showed some live muscle in every 
instance. Fourteen of the seventeen regions 
consisted of necrotic or fibrotic tissue, depending 
on the age of the infarct, mixed with live muscle 
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in variable locations and proportions. (Figs. 1 
and 2.) Several of these regions exhibited ap- 
proximately equal amounts of live and dead 
muscle throughout. In other instances patchy 
islets or strands of uninfarcted tissue appeared at 
various levels from endocardium to epicardium. 
Two regions containing both live and dead 
muscle were located precisely at the border 
between a transmural infarct and a subendo- 
cardial extension. The remaining three regions 
consisted entirely of viable muscle located 
immediately adjacent to the edges of transmural 
infarcts. In these instances the myocardium 
beneath the electrode was free from fibrosis and 
necrosis but was histologically altered. 

The pathologic changes found in regions 
vielding mural-type QS waves differ from those 
associated with cavity-type QS waves. As de- 
scribed in the preceding paper, transmural 
sections of the myocardium beneath cavity-type 
QS lead-points were always entirely devoid of 
live muscle. In contrast, the regions which 
presented mural-type QS waves contained 
significant amounts of live muscle, usually 
interspersed with dead tissue. This contrast 


Mmm. 
igh 
4 
ve 
wo 


616 


The ‘‘Mural-type”’ Coronary QS Wave—Maxwell et al. 


‘ 
ae 
ak, i 
> 


Fic. 2. Histologic section and electrocardiograms from left ventricle seventeen days after coronary artery ligation. 
Section consists of necrotic and fibrotic tissue interspersed with live muscle. Intramural leads were recorded immediately 
after insertion of plunge electrode. Elevated S-T segments appeared in epicardial tracing during application of pressure 
near lead-point and in intramural tracings from 4 mm. and 6 mm. depths. Presence of live muscle within region thus was 
demonstrated electrocardiographically as well as histologically. Epicardial QS wave exhibits more abrupt and deeper 


downstroke than cavity QS wave. (Paper speed 125 mm. per second.) 


is Clearly illustrated in Figure 3, showing 
a section over which both cavity-type and mural- 
type QS waves were recorded from adjacent 
sites. The region beneath the cavity-type QS 
lead-point is completely fibrotic, while the re- 
gion beneath the mural-type QS lead-point 
exhibits variable amounts of live muscle. As 
compared with coronary QR waves’ the histologic 
changes associated with mural-type QS waves 
were similar in general pattern but were prob- 
ably more pronounced; that is, the QS regions 
appeared to contain a somewhat greater propor- 
tion of dead tissue. The data concerning this 
problem were not, however, adequate for 
quantitative comparison. Histologic examination 
thus revealed that, contrary to classic theory, 
coronary QS waves may occur over regions 
containing variable amounts of live muscle as 
well as over regions which are completely dead. 

Currents of Injury. In all seventeen epicardial 
leads exhibiting mural-type QS waves prompt 
elevation of the S-T segment occurred when 
pressure was applied near the lead-point. (Figs. 


1 to 4.) This manifestation of injury current 
established the presence of live muscle in the 
vicinity of the epicardial electrode.* Elevated 
S-T segments also appeared in at least one intra- 
mural lead from each of the seventeen regions 
when the sharp-tipped plunge electrode was 
inserted, indicating that some intramural muscle 
was alive. (Fig. 4.) As in previous studies':* the 
information provided by injury currents cor- 
related well with the histologic findings. Lead- 
points which yielded elevated S-T segments 
showed uninfarcted tissue when later examined 
histologically. Conversely, muscle which failed 
to show injury currents during the experiments 
appeared completely fibrotic or necrotic under 
the microscope. The presence of viable muscle 
within regions yielding mural-type coronary QS 
waves thus was demonstrated electrically by 
injury currents as well as histologically. 

Current of injury in association with coronary 
QS waves was further observed during a series 
of ten relatively acute experiments. The tech- 
nics and procedures were identical with those 
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Fic. 3. Histologic section and elec i 
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vity-type and mural-type QS waves. Left- 
portion presents mixture of live 


and dead muscle; right-hand portion is completely normal. Epicardial lead recorded over completely fibrotic region 
exhibits cavity-type QS wave followed by isoelectric S-T segment which does not rise when pressure is applied near 
lead-point. Adjacent region also yields pure coronary QS wave but gives rise to injury currents, manifested by S-T seg- 
ment elevation, upon application of pressure. Since this QS wave occurs over region containing remnants of live muscle 
capable of generating injury currents, it is of the mural type. Normal region at right presents epicardial Rs wave. As in 
region yielding mural-type QS wave, normal region gives rise to injury currents when pressure is applied to epicardium. 


used in the study of chronic infarcts, except that 
the animals were examined within forty-eight 
heurs after ligation of the coronary artery. At 
this early stage of infarction the histologic and 
electrocardiographic patterns are still in a 
transitional state. The infarcts were poorly 
defined, consisting of soft, hemorrhagic and 
necrotic myocardium. That viable muscle 
remained within the lesions was demonstrated 
by the persistence of spontaneous S-T segment 
elevation throughout the experiment. Despite 
this manifestation of injury current, QS com- 
plexes of varying configurations usually were 
recorded in epicardial leads over the infarcted 
regions. (Fig. 5.) These complexes were of the 
mural type inasmuch as the underlying myo- 
cardium was not completely dead. 

As noted in the preceding paper, on no occa- 
sion could injury currents be elicited from regions 
of through-and-through infarction yielding cav- 
ity-type coronary QS waves. In regions yielding 
mural-type coronary QS waves, on the other 
hand, injury currents always appeared spon- 
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taneously if the lesion was acute and could be 
produced by trauma if the lesion was chronic. 
It was thus established that electrically active 
muscle remained within the underlying wall 
despite the occurrence of mural-type coronary 
QS waves. 

Comparison of Epicardial and Cavity QS Com- 
plexes. A lead from within the left ventricular 
cavity beneath the infarct was recorded through- 
out each experiment simultaneously with each 
epicardial or intramural lead for purposes of 
timing. Tracings from more localized parts of 
the cavity directly beneath the regions yielding 
mural-type QS waves also were recorded in 
twelve instances. As compared with the QS wave 
in the subjacent cavity lead, the epicardial QS 
wave presented a wide variety of differences. 
(Fig. 6.) The epicardial complex sometimes 
started later and exhibited a more gradual down- 
stroke than the cavity deflection. In other experi- 
ments, however, the epicardial and cavity QS 
waves began simultaneously. A few epicardial 
QS waves presented more abrupt and deeper 
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Fic. 4. (I) Epicardial surface, intramural and cavity leads from three regions presenting mural-type coronary QS waves. 
Marked S-T segment elevation occurred in epicardial tracings when pressure was applied near lead-points (second row 
of tracings). Intramural leads from various levels likewise exhibited S-T segment elevation immediately after insertion 
of plunge electrodes. These S-T segment changes established that live muscle remained within the regions yielding 
mural-type QS waves. Note that the epicardial, intramural and cavity complexes recorded from each region differ 
in timing and/or configuration. If negative cavity potentials were transmitted unaltered to the epicardium, identical QS 
waves should occur in cavity, intramural and epicardial leads. Electrical activity of live muscle within the underlying 
wall must therefore have affected the mural-type QS waves. (II) Epicardial. intramural and cavity leads from region of 
through-and-through infarction yielding cavity-type QS wave. Application of pressure near epicardial lead-point did 
not cause S-T segment elevation. Epicardial, intramural and cavity complexes are identical, establishing that negative 
cavity potential was transmitted unaltered through completely dead muscle to ventricular surface. These findings con- 


trast strikingly with those illustrated in (I) A, B and C. 


downstrokes than the cavity deflections. Only in 
a few instances did the epicardial and cavity 
complexes appear identical. These findings 
contrast with those noted in regions of through- 
and-through infarction! where identical com- 
plexes invariably occur in epicardial and sub- 
jacent cavity leads. The mural-type epicardial 
QS waves which differed from the underlying 
cavity complex must have been modified by 
viable intramural muscle between the epicardial 
and cavity lead-points. 

Comparison of Epicardial and Intramural Com- 
plexes. Tracings from all levels of regions 
yielding cavity-type QS waves were identical.' 
The intramural complexes from regions yielding 
mural-type QS waves, however, presented a 
variety of patterns. (Figs. 1, 2 and 4.) In general, 
intramural leads from different levels showed 


QS waves of differing configurations and 
amplitudes. Although these often resembled 
either the epicardial or cavity complex, they 
sometimes differed from both and from each 
other in timing and/or shape. The subepicardial 
QS waves usually were more like those from the 
epicardium whereas the QS waves recorded 
from deeper intramural levels more often re- 
sembled the cavity deflection. In several experi- 
ments a marked slur appeared on the downstroke 
or upstroke of one or more intramural com- 
plexes. In other instances tiny r waves were 
recorded in some intramural leads despite the 
presence of purely negative deflections in trac- 
ings from overlying and underlying sites. The 
S-T segments and T waves, like the mural-type 
QS waves, often differed in leads from different 
levels of a given region. In contrast, regions of 
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through-and-through infarction yielded identi- 
cal S-T segments and T waves in epicardial, 
intramural and cavity leads. 

Thus the seventeen instances which yielded 
mural-type QS waves showed no consistent 
pattern in the timing, configuration or ampli- 
tude of the intramural tracings recorded from 
different regions or even from different levels of 
the same region. Although the variations in the 
intramural QS waves were usually slight, they 
nevertheless contrast strikingly with the identical 
QS waves in intramural leads from regions of 
through-and-through infarction. 

Cinematographic Observations of Contractility. As 
noted in the preceding paper, high speed 
cinematographs of the infarcted ventricle were 
recorded in sixteen experiments. The films 
always showed ballooning of areas yielding 
cavity-type coronary QS waves while other parts 
of the ventricle were in systole. This direct 
evidence established that the muscle beneath the 
QS lead-points was non-contractile. Portions of 
the ventricular surface from which mural-type 
QS waves were recorded also exhibited balloon- 
ing, indicating non-contractility, on most oc- 
casions. Several such cases, however, showed 
contractions. The contractile areas usually con- 
tained visible amounts of live muscle, appearing 
in the color cinematographs as patches of red 
interspersed with grey or white tissue. Areas 
composed entirely of scar tissue, in contrast, 
appeared greyish-white throughout and always 
ballooned during systole. 

Three technics were used to differentiate 
contractile and non-contractile QS areas: (1) 
In profile views of the ventricle the silhouette of 
contractile areas wrinkled and drew inward 
during systole while adjacent non-contractile 
areas ballooned outward. These profile views 
revealed distinct contraction of four areas yield- 
ing mural-type QS waves. (2) In front views of 
the ventricle the surface veins and arteries 
curled during systole in the contractile QS 
areas and straightened in ballooning areas. 
(3) During several experiments the QS areas 
were circled with Janus green before cinemato- 
graphs were taken in order to demonstrate 
changes in their size and shape. If the underlying 
muscle was contractile, the circle became smaller 
during systole. If the underlying muscle was 
non-contractile, the circle became larger as 
other parts of the ventricle contracted. Most of 
the circled QS areas grew larger during systole, 
indicating that the underlying myocardium was 


NOVEMBER, 1954 


two days after coronary artery ligation. Infarct consists 
of patches of necrosis interspersed with live muscle. 
Pure QS waves appear in both leads but epicardial 
complex is shallower than cavity complex. S-T seg- 
ment elevation in epicardial lead provides electro- 
cardiographic evidence that live muscle remains under 
electrode despite occurrence of coronary QS wave. 


not strong enough to contract. In a few cases, on 
the other hand, the QS area became smaller 
during systole, thus showing definite contractions. 
The remaining QS areas were constant in size 
throughout the cardiac cycle, suggesting that 
contractility of the underlying wall was impaired 
but was sufficient to prevent ballooning. 

These cinematographic observations may help 
to explain certain discrepancies between the 
electrocardiographic and physiologic changes 
seen in patients after coronary artery occlusion. 
Most infarcted regions which yielded coronary 
QS waves were incapable of significant con- 
traction, as evidenced by ballooning during 
ventricular systole. Several regions yielding 
similar complexes nevertheless exhibited distinct 
systolic contractions, indicating that they con- 
tained enough live muscle to function effectively 
although presumably with subnormal efficiency. 
This contrast was clearly shown in cinemato- 
graphs of one infarct which presented cavity- 
type QS waves over the center and mural-type 
QS waves over the periphery. Although the 
complexes appeared similar, the center of the 
infarct ballooned while the periphery con- 
tracted. Thus the occurrence of coronary QS 
waves does not in itself reveal whether the 
underlying muscle has lost its function com- 


pletely, partially, or perhaps only slightly. 


om 
€ 
“Ma 
ond 


620 The “‘Mural-type’”” Coronary QS Wave—Maxwell et al. 


Surface 


Cavity 


6A 6B 6C 6D 


Fic. 6. Epicardial surface and cavity leads from four left ventricles eleven to twenty-eight days after coronary artery 
ligation. Each epicardial lead was recorded simultaneously with lead from subjacent cavity. Regions over which epi- 
cardial complexes were obtained presented variable mixtures of live and dead muscle. Pure QS waves in epicardial 
leads differ in timing and/or configuration from cavity QS waves. A, downstroke of epicardial complex starts later than 
cavity complex. B, epicardial QS wave is considerably shallower than cavity QS wave. C, as compared with cavity com- 
plex, epicardial QS wave starts later, presents more abrupt downstroke and is slightly deeper and narrower. S-T seg- 
ment in epicardial lead is slightly elevated, demonstrating presence of live muscle near electrode. D, epicardial QS wave 
is shallower and starts later than cavity QS wave. Note slight slur on downstroke in epicardial lead which does not ap- 
pear in cavity lead. Such differences between epicardial and cavity complexes were never observed in regions of through- 
and-through infarction which invariably yield identical QS waves at all levels from ventricular cavity to surface (see 


Fig. 4 IT). 


PART II. THE ELECTROCARDIOGRAPHIC EFFECTS OF 
DESTRUCTION OF THE OUTER VENTRICULAR 
LAYERS 


Previous work reported from this laboratory‘ 
has shown that chronic infarcts in dogs limited 
to the subendocardial region did not alter the 
normal R and RS waves in precordial or direct 
epicardial leads. The precordial tracings regis- 
tered before the chest was opened often appeared 
entirely normal. Acute subendocardial lesions 
likewise failed to yield abnormal depolarization 
complexes. Contrary to classic theory, therefore, 
depolarization of the inner ventricular layers 
appeared to be “electrocardiographically si- 
lent.”” An explanation for this phenomenon was 
suggested by studies of the normal ventricle*:*.’: 
10.11 which revealed that the inner layers are 
depolarized instantaneously, or too rapidly to be 
measured with a variety of recording equipment. 
Local intramural leads from these layers pre- 
sented pure QS waves resulting, like the cavity 
QS waves, from depolarization of other parts of 
the heart. Extension of Purkinje fibers into the 
myocardium was regarded as a possibility which 
might account for the rapid rate of depolariza- 
tion at deeper levels of the wall. 

It was inferred from these observations that 
the R wave recorded over the left ventricle 
results from depolarization of the outer layers 
and is independent of the status of the deeper 


myocardium. Hence an abnormal Q_ wave 
should occur when, and only when, the outer 
layers are damaged. This hypothesis was sup- 
ported by an analysis of infarcted regions from 
which epicardial QR waves were recorded. 
No correlation was found between the status 
of subendocardial muscle and the abnormal Q 
waves. Rather, the common denominator, 
histologically, was the presence of some dead 
muscle in the outer ventricular layers beneath 
or near the epicardial electrode. 

If the inner ventricular layers are electro- 
cardiographically silent, destruction of the 
outer layers should produce abnormal Q waves 
even though the deeper muscle remains entirely 
intact. Because of the anatomic arrangement of 
the blood supply to the heart, occlusion of a 
major coronary artery usually results in greater 
damage to the endocardial than the epicardial 
region. Thus although seven pure subendocardial 
lesions occurred in the series of sixty-eight in- 
farcts produced by coronary artery ligation, no 
instance was found in which the inner ventricular 
layers were completely undamaged. It was 
therefore necessary to employ other methods in 
order to determine if muscle death limited to the 
outer layers is sufficient to cause abnormal Q 
waves. 

Three methods were used in an attempt selec- 
tively to destroy superficial portions of the 
ventricle without damaging the underlying 


AMERICAN JOURNAL OF MEDICINE 


| 
> 
a 
4 
; 


The ‘‘Mural-type” Coronary QS Wave—Maxwell et al. 


‘ be rs 


-ectrocardiographic appearance 
removed by surgical excision. New surface of region consists of scar tissue. Inner layers are completely normal. Lead 
from new surface exhibits pure QS wave despite intact subendocardium (paper speed 75 mm. per second). 


Fic. 7. Histologicel 


subendocardium: (1) injection of formaldehyde, 
(2) application or injection of nitric acid and 
(3) epicardial excision. In 1934 experiments of 
similar design were performed by Bellet and 
Johnston® who cauterized the left ventricular 
surface in dogs. These authors noted replace- 
ment of the normal RS complexes by QS waves 
in epicardial and precordial leads following 
cauterization. 

Formaldehyde. In six animals 2 to 5 cc. of 20 
per cent formaldehyde was injected into the 
pericardial sac. The chests were then closed and 
precordial leads from several interspaces as 
well as limb leads were taken daily. Three of 
these animals showed QS and/or QR waves in 
several precordial leads on the second day. 
The Q waves disappeared within twenty-four 
to forty-eight hours. The other three animals 
presented no significant electrocardiographic 
changes. At the end of two weeks the animals 
were sacrificed and several sections taken from 
the left ventricle for histologic study. A thin 
layer of damaged muscle at the epicardial sur- 
face generally was present but could not be 
easily distinguished histologically, appearing 
merely as a somewhat more intense shade of 
pink in the hematoxylin and eosin stain without 
disruption of muscle fiber arrangement. 

Nitric Acid. Since the damage produced by 
injection of formaldehyde appeared inadequate, 
a new series of experiments was undertaken. The 
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region of left ventricle from which outer few millimeters were 


hearts of twenty dogs were widely exposed dur- 
ing anesthesia and respiration maintained with 
an artificial pump respirator. After electro- 
cardiographic exploration, concentrated or half- 
strength nitric acid was applied repeatedly to 
localized areas of the left ventricular surface, 
care being taken to avoid the major coronary 
arteries and their branches. The traumatized 
regions became yellowish-brown immediately, 
providing delineation of the areas to be studied. 
Multiple direct leads from the affected epi- 
cardium and nearby sites were then recorded 
at frequent intervals for as long as three hours. 
At the termination of the experiment sections 
were taken for microscopic examination. Injury 
currents, persisting throughout many experi- 
ments, made the tracings difficult to interpret. 
In most instances the main electrocardiographic 
change seemed to be a diminution in the ampli- 
tude of the R wave, without the appearance of 
abnormal Q waves. Histologic sections revealed 
that only a very thin epicardial layer was 
destroyed despite several applications of nitric 
acid. 

In two experiments 1 cc. of nitric acid was 
injected as a bleb beneath the epicardium. One 
of these animals showed QS waves over and QR 
waves at the edges of the damaged area. Sec- 
tions from the region demonstrated that the 
inner two-thirds of the ventricular wall was 
histologically normal. 
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Epicardial Excision. Finally, in twelve animals 


superficial layers of a portion of the anterior or 
lateral wall of the left ventricle were surgically 
excised and the chest closed aseptically. The 
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preceding experiments, therefore, cannot be 
subjected to statistical or mathematical analysis, 
but rather must be considered individually. ‘The 
appearance of epicardial QS and QR waves over 


viable subendocardial muscle in any single in- 
stance thus appears significant. 


dogs were re-examined between ten and fifteen 
days following the excision. After routine limb 


B 

Fic. 8. Diagram showing depolarization complexes recorded over subendocardial (A), subepicardial (B) and through- 
and-through (C) lesions. Dead muscle is shaded. A, inner layers are dead; outer layers are viable. Normal R wave occurs 
over ventricle. B, outer layers are damaged; inner layers are normal. Either mural-type QS waves or QR waves may 
appear over ventricle, presumably depending on proportion of live and dead muscle under electrode. C, all layers from 


endocardium to epicardium are completely dead. Cavity-type coronary QS wave is recorded. 


and precordial leads had been made the hearts 
were exposed and the entire ventricular surface 
explored electrocardiographically, with many 
leads recorded over and around the ablated 
regions. Sections were then taken for histologic 
correlation. In six instances necrosis and fibrosis 
extended deeply into the subendocardial layers 
or actually reached the endocardial surface; 
these experiments were excluded from considera- 
tion. In sections from the remaining six experi- 
ments, however, the inner ventricular layers 
appeared histologically normal or only mildly 
altered. Direct leads recorded over the ablated 
regions in four of these six instances presented 
marked alterations of the epicardial complexes 
consisting of QS, slurred QS, QR or abnormal 
rS waves. (Fig. 7.) Leads over the damaged 
areas in the remaining two animals presented R 
or Rs complexes probably within normal limits. 

It should be recognized that the many diffi- 
culties inherent in surgical destruction of the 
outer ventricular layers (hemorrhage, avoidance 
of major coronary vessels, variations in heart 
size) made it impossible to cut out precisely 
comparable proportions of the wall in these 
animals. In general, the excised tissue measured 
approximately 1.5 by 1.5 cm. in area and was 2 
to 5 mm. thick in its central portion, regardless of 
the size of the heart. Necrosis of varying amounts 
usually developed in the myocardium under- 
lying the site of excision, probably owing to 
interference with local coronary circulation. The 


Figure 8 contrasts the electrocardiographic 
effects of destruction of the inner and outer 
ventricular layers. This simple diagram sum- 
marizes the observations discussed in Part 1 of 
the present paper. When the inner ventricular 
layers are inactivated, as in pure subendocardial 
infarction, normal R or Rs waves occur over 
the ventricle. When the outer layers are in- 
activated, as in the preceding experiments, 
coronary QS or QR waves may occur. Destruc- 
tion of the outer ventricular layers thus is suffi- 
ficient to yield markedly abnormal electro- 
cardiograms even though the inner layers remain 
intact. 

Epicardial Heating. The preceding experi- 
ments demonstrate that replacement of the 
normal epicardial R waves with QS waves can 
be accomplished by damaging the outer ventric- 
ular layers. A_ similar electrocardiographic 
change was produced fortuitously in two animals 
during cinematographic study of the heart. In 
one animal with a pure subendocardial infarct 
multiple leads from the uninfarcted epicardium 
over the lesion presented R or Rs waves before 
cinematographs were taken. These complexes 
appeared normal except in one or two leads 
which showed R waves of reduced amplitude. 
Upon completion of the electrocardiographic 
exploration high speed cinematographs of the 


’ ventricle were recorded under intense illumina- 


tion. A second set of epicardial tracings was then 
made from the same lead-points used in the 
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initial exploration. In contrast to the initial 
tracings which showed R or Rs waves, the trac- 
ings made after the cinematographs presented 
QS waves in all but a few leads. Histologic 
examination revealed necrosis and fibrosis 
involving the inner two-thirds of the ventricu- 
lar wall. The outer layers were uninfarcted but 
appeared histologically altered, exhibiting some 
loss of striae and pyknotic nuclei. In another 
animal with a transmural infarct R waves were 
recorded in epicardial leads over a subendo- 
cardial extension of the lesion. Cinematographs 
were then made. After cinematography, the 
same leads presented pure QS waves. 

Since the inner ventricular layers were in- 
farcted in these two animals the epicardial 
R waves recorded before the cinematographs 
must have resulted from activation of the outer 
layers. Replacement of the R waves by QS 
waves during the experiment was attributed to 
heating of the outer ventricular layers by the 
lights used for cinematography. In uninfarcted 
hearts, however, the cinematographic procedure 
has been found to cause little or no alteration of 
the depolarization complex. Hence the live 
muscle over the subendocardial infarcts must 
have been somewhat altered before the cinemato- 
graphs were taken. When additional trauma was 
inflicted by heat, the outer layers became unable 
to maintain significant electrical activity. The 
epicardial R wave therefore disappeared and was 
replaced by a negative potential transmitted 
through the inactive muscle from the underlying 
cavity. 

Replacement of R waves by QS waves also 
may occur clinically without other symptoms of 
fresh occlusion in patients with pre-existing 
infarcts. One such patient was found to present 
R waves in anterior precordial leads after a 
typical coronary artery occlusion associated 
with severe pain. The R waves persisted for 
several months, then suddenly were replaced by 
QS waves although the patient experienced 
only vague substernal pain. None of the severe 
symptoms of the original occlusion were present 
when the R waves disappeared. As in the experi- 
ments, it seems probable that the original oc- 
clusion caused a subendocardial infarct with 
less severe damage to the outer ventricular 
layers. R waves presumably occurred over the 
subendocardial infarct, then disappeared several 
months after occlusion when the electrical 
activity of the damaged outer layers finally 
ceased. Thus the sudden development of QS 
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waves in patients without symptoms of fresh 
occlusion may suggest that pre-existing sub- 
epicardial damage, probably over a subendo- 
cardial infarct, has become intensified. 


COMMENTS 


According to classic electrocardiographic 
theory, a QS complex recorded in a direct lead 
from the surface of the left ventricle results from 
complete through-and-through infarction of the 
underlying wall. This theory may be explained 
with referehce to the simplified diagram of 
ventricular depolarization shown in Figures 
9A and B. Depolarization is represented as a 
dipole front advancing at a constant, measurable 
rate from endocardium to epicardium. Since 
the positive pole precedes the negative pole, 
all intramural muscle should lie in the positive 
field until it is reached by the advancing dipole 
front. All levels of the wall thus would present an 
initial positive potential (R wave) which would 
become progressively greater from the endo- 
cardial to the epicardial layers. Consequently, 
complete through-and-through myocardial death 
would be necessary entirely to abolish positive 
potentials within the wall. If only one-half the 
thickness of the wall were destroyed (Fig. 9B), 
the epicardial complex should present an R 
wave one-half of normal size; this deflection 
would resemble the positive component of the 
complex along line 6 in Figure 9A. Similarly. 
if muscle death were limited to one-fourth or 
three-fourths of the thickness of the wall the 
epicardial lead would show an R wave resem- 
bling that in the complexes along lines a and c, 
respectively, in Figure 9A. Only in the event of 
through-and-through infarction would the epi- 
cardial complex be purely negative, like the 
cavity complex. Clinically as well, a precordial 
QS wave is the sine qua non of through-and- 
through muscle death, with a correspondingly 
grave prognosis. 

Contrary to prevailing theory, it has been 
observed that subendocardial infarcts involving 
more than half the thickness of the wall do not 
alter the electrocardiogram.‘ Furthermore, the 
data reported in Part I of the present paper 
show that coronary QS waves may appear over 
regions of the ventricle which are not completely 
dead. The persistence of live muscle within the 
regions was demonstrated by histologic examina- 
tion, by the presence of injury currents and by 
the occurrence of systolic contractions. More- 
over, the epicardial QS waves usually were not 
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identical in timing and configuration with the 
complexes recorded from the underlying cavity 
or wall. Hence these mural-type epicardial 
QS waves, unlike cavity-type QS waves, do not 
result from unaltered transmission of the cavity 
potential to the epicardium. 
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is that, because of interference with local 
blood supply, the tissues immediately surround- 
ing the lesion appeared histologically alive but 
were electrically altered. The extent of the 
infarct, under such circumstances, would be 
greater electrocardiographically than anatomi- 


10 


See legend opposite page. 


As previously observed with respect to coronary 
QS waves,* a mixture of live and dead muscle in 
the outer ventricular layers was associated with 
mural-type coronary QS waves. In all seventeen 
instances the presence of live muscledirectly under 
or near the electrode was established by elevation 
of the S-T segment, indicating injury current 
when pressure was applied to the epicardium. In 
fourteen instances dead as well as live muscle 
directly under the electrode was seen histologi- 
cally. The remaining three mural-type QS 
waves appeared over regions of uninfarcted 
but histologically altered muscle immediately 
adjacent to transmural lesions. The precise 
manner in which the infarct influenced the 
tracing in these instances must of necessity be a 
subject of speculation. A reasonable explanation 


cally. Hence the three regions of live muscle which 
yielded mural-type QS waves may have been 
partially inactivated. 

The occurrence of QS waves over regions 
containing live muscle may be explained by 
modifying classic electrophysiologic theory to 
accord with the experimental data reviewed in 
Part 1. Figure 10A and B represents a revision of 
the theory illustrated in Figure 9, incorporating 
the concept that the inner ventricular layers are 
electrocardiographically silent. The shaded 
area beneath the broken line lies within the 
silent zone; that is, depolarization of this area 
does not appear to yield recordable potentials. 
From a practical viewpoint, therefore, the heavy 
arrow representing the course of the dipole 
associated with depolarization of the left ventricle 
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may be shown to start in the mid-ventricular 
layers rather than at the endocardial surface. 
Like the cavity, the inner layers yield pure 
negative deflections (QS waves) as they face the 
negative side of the dipole throughout depolariz- 
ation. Only the outer (unshaded) area presents 
an initial positive potential which increases as the 
distance from the epicardium decreases. De- 
struction of the outer one-half of the wall thus 
would entirely eliminate the epicardial R wave. 
Despite the presence of normal muscle through- 
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out the inner layers, the epicardial lead would 
show a pure QS wave similar to that recorded 
along line 6. This was demonstrated experi- 
mentally in those instances which yielded QS 
waves after the outer ventricular layers were 
excised or destroyed. 

According to the hypothesis illustrated in 
Figure 10, QS waves identical with the cavity 
complex would appear over regions of the 
ventricle containing live muscle provided that 
the outer layers were completely dead. This 


Fic. 9. A, diagram showing classic concept of normal ventricular depolarization. Line 6 is drawn midway between 
endocardial and epicardial surfaces of ventricular wall. Lines a and c bisect the outer and inner halves of the wall, respec- 
tively. Arrow perpendicular to epicardial surface represents course of activation wave, which is thought to travel from 
endocardium to epicardium at a constant speed as an advance of dipoles, the positive pole preceding and the negative 
pole following the activation front. According to this concept of ventricular depolarization, the complexes recorded 
from the cavity, the epicardium and various levels within the wall should be as shown in the diagram. The ventricular 
cavity faces the negative side of the dipole as the activation front proceeds from endocardium to epicardium. Hence it 
yields a purely negative complex, or QS wave. Conversely, the epicardium yields a purely positive complex, or R wave, 
as it faces the positive side of the dipole during the entire period of mural activation. All muscle between the endo- 
cardium and epicardium faces the positive side of the dipole as activation begins at the endocardium. All the intramural 
complexes therefore begin with positive deflections. The positive deflection ends when the activation front reaches the 
electrode, after which a negative component is recorded. Thus the complexes along lines c, 6 and a become negative as 
the activation front reaches c, 6 and a, respectively. 

B, diagram showing classic concept of genesis of coronary QS wave. Infarcted muscle is shaded. Left-hand third 
of diagram represents region of normal muscle. Complexes are therefore the same as in Figure 9A. As activation proceeds 
from endocardium to epicardium, pure QS wave is recorded in cavity and pure R wave at epicardial surface. Center 
third of diagram represents region of through-and-through infarction. According to classic theory, cavity negativity is 
transmitted through the dead muscle to the epicardial surface. Hence the complexes recorded within and over the in- 
farct consist of coronary QS waves identical with the cavity complex. Right-hand third of diagram shows hypothetic 
infarct involving only the outer half of the ventricle. Activation proceeds normally from endocardium to line 5. All levels 
of the wall face the positive side of the dipole as activation begins at the endocardium. The epicardial and intramural 
complexes therefore begin with positive deflections, as in the normal region at left of diagram. When the activation 
wave terminates at the border of the infarct, the positive phase of the complexes recorded at and over line 6 end. The 
remainder of these complexes consists of a negative deflection resulting from transmission of cavity negativity. Hence the 
epicardial complex is an RS wave. Conversely, if only the inner layers of the ventricle were infarcted, the cavity negativ- 
ity should be transmitted to the epicardium until the activation wave reached the uninfarcted outer layers. Activation of 
these layers would then proceed toward the epicardium as in the normal region, causing a positive epicardial deflection 
after the initial negative phase. The complex recorded over the subendocardial infarct would therefore be a QS wave. It 
is thus apparent that biphasic complexes theoretically would occur over the lesion whether the inner or the outer layers 
remained uniafarcted. Only through-and-through infarcts would yield coronary QS waves. 


Fic. 10. A, diagram showing revised concept of normal ventricular depolarization. Activation of inner layers (lined) is 
‘‘electrocardiographically silent,’’ presumably because it occurs too rapidly to affect the electrocardiogram. The advance 
of dipoles associated with ventricular depolarization is not recorded until the activation wave reaches the outer (unlined) 
layers. In contrast to Figure 9A, therefore, the arrow representing the course of activation extends only from mid- 
ventricular levels to the epicardial surface. As activation proceeds through the outer ventricular layers toward the 
epicardium, the inner layers as well as the cavity face the negative side of the dipole. Pure QS waves thus are recorded 
along lines ¢ and 6 as well as in the cavity. The intramural complex along line a is a biphasic; it consists of a positive 
deflection registered as the activation wave travels toward line a, followed by a negative deflection inscribed during 
activation of muscle between line a and the epicardium. As in Figure 9A, the epicardium faces the positive side of the 
dipole during the entire period of mural activation and therefore yields an R wave. 

B, diagram showing revised concept of genesis of coronary QS wave. Activation of region of normal muscle (left- 
hand third of diagram) yields QS wave in cavity and R wave on epicardium as in Figure 10A. Cavity negativity is 
transmitted to epicardium through region of through-and-through infarction (center of diagram), causing a coronary 
QS wave. Right-hand third of diagram shows hypothetic infarct involving only the outer ventricular layers. In contrast 
to Figure 9B, activation of the inner layers is electrocardiographically silent. This region is therefore electrocardio- 
graphically similar to the adjacent region of through-and-through infarction. Cavity negativity is transmitted through 
the viable but electrically silent inner layers and through the infarcted outer layers to the epicardium. Coronary QS 
waves thus occur over the lesion even though the inner layers remain normal. If the outer layers are entirely devoid of 
live muscle, the coronary QS wave will be identical with the cavity complex. If some live muscle remains in the outer 
layers, activation of these layers will cause some positivity at the epicardium which would modify the appearance of the 
coronary QS wave. 
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situation seldom or perhaps never occurs 
following coronary artery occlusion because the 
extent of the infarct generally is greater in the 
inner ventricular layers than in the outer layers. 
Hence the coronary QS waves recorded in the 
present study over regions containing live 
muscle usually differed from the cavity QS 
wave. These mural-type QS complexes presuma- 
bly represent a combination of two potentials: a 
purely negative potential transmitted to the 
epicardium from the inner ventricular layers 
through dead or inactive muscle in the outer 
layers; and a positive epicardial potential result- 
ing from depolarization of remnants of live 
muscle in the outer layers. The positive potential 
modifies the appearance of the QS wave but is 
not of sufficient magnitude to produce slurs, 
notches or r waves; that is, it is “‘buried”’ in the 
QS. If the positive potential is somewhat 
greater, it may cause slurs or notches on the QS 
wave or small r waves. Patchy infarcts involving 
the outer ventricular layers thus may yield a 
variety of abnormal complexes, including mural- 
type QS waves, QR waves and small r or rS 
waves, depending on the proportion of live and 
dead muscle, the location of the lesion and its 
relationship to the recording electrode.* This 
hypothesis accounts for the observation that 
such complexes occurred over the sixty-eight 
infarcts in the present study only when both 
live and dead muscle were in the outer layers of 
the heart. 

High speed cinematographs of the ventricle 
were recorded simultaneously with direct epi- 
cardial leads from over thirty dogs during and 
after coronary artery ligation. This technic 
provides an excellent method for correlating 
electrocardiographic changes with changes in 
mechanical activity. In general, chronic infarcts 
from which highly abnormal tracings were 
obtained exhibited marked impairment of con- 
tractility. All cavity-type and most mural-type 
QS waves thus occurred over regions which 
ballooned throughout systole. On the other 
hand, most abnormally small R waves and QR 
waves as well as a few mural-type QS waves 
occurred over regions showing various degrees of 
contractility. Some of these regions shrank 
markedly during systole, indicating that they 
underwent strong contraction. Other regions 
ballooned moderately or irregularly, or they 
contracted early in systole and ballooned later. 
Contraction sometimes was strong enough to 
prevent ballooning but too weak to cause 
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shrinkage. Acute injuries produced by coronary 
artery ligation, unlike chronic infarcts, always 
appeared non-contractile. The injured regions 
ballooned markedly immediately after the 
coronary artery was tied. Epicardial leads from 
the ballooning injuries, in contrast to those from 
ballooning chronic infarcts, never presented Q 
waves or abnormally small R waves. Instead, 
they usually contained abnormally large R 
waves.'? Thus in the acute stage of infarction, 
abnormally large R waves were associated with 
non-contractility. In the chronic stages QS 
waves usually were associated with non-con- 
tractility but occasionally appeared over partially 
contractile muscle. 

The observations reported in this and the 
preceding paper indicate that coronary QS 
waves may be of two types: “Cavity-type”” QS 
waves which appear over regions of through-and- 
through infarction, and “‘mural-type”’ QS waves 
recorded over regions containing live muscle at 
various levels with significant amounts of dead 
muscle in the outer ventricular layers. Regions 
yielding cavity-type QS waves consistently 
failed to contract during ventricular systole 
and did not give rise to injury currents when 
traumatized. Regions yielding mural-type QS 
waves, in contrast, showed contractility in several 
instances and always presented injury currents in 
some leads. Thus these two types of coronary 
QS waves may represent different physiologic as 
well as pathologic conditions in the ventricle 
and therefore may differ greatly with respect to 
prognosis. 

Since mural-type QS waves occurred in the 
present series of experiments as frequently as 
cavity-type QS waves, they may also appear 
commonly in patients with coronary artery 
disease. Under such circumstances the clinical 
finding of coronary QS waves would not neces- 
sarily establish that the cardiac region yielding 
these complexes is totally destroyed. A previous 
study of subendocardial infarction revealed that 
precordial and limb leads may appear normal 
although a large proportion of the ventricular 
myocardium is dead.‘ The present observations 
indicate that these tracings may present abnor- 
mal QS waves although the ventricle contains 
enough live muscle to contract effectively. Thus 
the importance of considering other signs and 
symptoms as well as the electrocardiogram in 
evaluating the condition of the heart is further 
emphasized. 
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SUMMARY AND CONCLUSIONS 


1. A type of coronary QS wave is described 
which occurs over regions of the ventricular wall 
containing significant amounts of live muscle. 
These deflections, called “‘mural-type” coronary 
QS waves, may appear identical with the “cav- 
ity-type” QS waves recorded over through-and- 
through infarcts. In a series of sixty-eight chronic 
lesions produced by coronary artery ligation, 
mural-type QS waves were found as frequently as 
cavity-type QS waves. 

2. Pathologic and electrocardiographic find- 
ings in seventeen regions yielding mural-type QS 
waves are presented. Histologically, the seven- 
teen regions consisted of necrotic or fibrotic 
tissue interspersed with variable amounts of live 
muscle. Electrocardiographically, the regions 
differed from through-and-through infarcts in 
several respects: (1) S-T segment elevation, 
representing injury currents, occurred in epi- 
cardial leads when pressure was applied near the 
lead-point and in intramural leads when sharp- 
tipped electrodes were inserted. This evidence 
of electrical activity never was found in regions 
of through-and-through infarction. (2) Dif- 
ferences in timing and/or configuration among 
the epicardial, intramural and cavity complexes 
were usually observed in regions yielding mural- 
type QS waves. Regions of through-and-through 
infarction, in contrast, presented identical QS 
waves at all levels from cavity to epicardium. 
Thus the mural-type coronary QS wave, unlike 
cavity-type QS waves, does not result from 
unaltered transmission of negative cavity poten- 
tials through completely dead muscle to the 
ventricular surface. 

3. High-speed cinematographs of regions 
yielding mural-type QS waves showed balloon- 
ing, indicating non-contractility, in most in- 
stances. Several of these regions, however, were 
seen to contract. Through-and-through infarcts, 
on the other hand, always ballooned. Mural- 
type QS waves may occur whether the underly- 
ing wall has lost its function completely or only 
partially. 

4. The outer layers of the left ventricle were 
damaged in six animals by injection of formalde- 
hyde, in twenty animals by local application of 
nitric acid, in two animals by injection of nitric 
acid and in twelve animals by surgical excision. 
Pure QS waves, slurred or notched QS waves, 
QR waves and abnormal rS waves occurred over 
the damaged subepicardial muscle although the 
inner layers were entirely normal. These obser- 
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vations confirm previous studies of subendo- 
cardial infarcts and normal ventricles which 
indicate that the R wave in epicardial leads 
results from depolarization of the outer ventricu- 
lar layers. Destruction of the outer layers is 
sufficient to cause pure QS waves as well as other 
types of abnormal complexes. 

5. The sudden replacement of R waves by QS 
waves may occur without fresh occlusion when 
the outer ventricular layers previously have been 
damaged but not infarcted. This situation is 
most likely to exist in patients with subendo- 
cardial infarcts. The R waves persist as long as 
the subepicardium over the infarct is able to 
depolarize. When the damaged outer layers 
become incapable of further electrical activity, 
the R waves are replaced by QS waves. 

6. Diagrams illustrating the genesis of mural- 
type QS waves are presented. Depolarization 
of the inner ventricular layers is shown to 
have no effect on the electrocardiogram. If the 
outer layers are completely destroyed, QS 
waves identical with the cavity complex appear 
over the ventricle despite the presence of 
normal subendocardial muscle. If the outer 
layers are partially destroyed, a variety of 
abnormal complexes, including mural-type QS 
waves, QR waves and rS waves, occur. This 
hypothesis is contrasted with classic theory con- 
cerning the genesis of normal and abnormal 
electrocardiograms. 

7. No constant relationship exists between 
changes in the depolarization complex and 
changes in ventricular contractility following 
coronary artery ligation. Abnormally large R 
waves usually occur over non-contractile muscle 
during the stage of acute injury immediately 
after the coronary artery is tied. QS waves 
sometimes occur over contractile muscle during 
the stage of chronic infarction. 

8. Clinical applications of the experimental 
findings are discussed. The QS waves recorded 
from patients with coronary artery disease may 
not indicate through-and-through infarction in 
all cases. These deflections also occur when the 
underlying wall contains enough live muscle to 
produce injury currents and to contract effec- 
tively. In many patients, therefore, coronary QS 
waves may represent less grave myocardial 
damage than previously supposed. Other signs 
and symptoms as well as the electrocardiogram 
must be considered in evaluating the condition 
of the heart. 
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The Value of Rauwolfia Serpentina in 
the Hypertensive Patient’ 


FRANK A. FINNERTY, JR., M.D. Tf 


URING the past two years Rauwolfia 
serpentina has come to be widely used 
in this country in the management of 

hypertension. Published reports'~* indicate that 
it is moderately hypotensive, that it slows the 
pulse, exerts a mild sedative action and is 
remarkably free from clinical toxicity. Used 
alone, Rauwolfia seems to be most effective in 
excitable patients with tachycardia and hyper- 
tension. In these patients relief of the anxiety 
and tachycardia may be apparent before any 
consistent change in blood pressure is estab- 
lished. Published reports indicate that when 
Rauwolfia is used in conjunction with more 
potent hypotensive agents it relieves or prevents 
drug-induced side effects and may synergistically 
potentiate the therapeutic actions.**® 

Several practical questions remain unan- 
swered, however. This study was undertaken 
in an attempt to furnish answers to the following: 

1. Is Rauwolfia therapy superior to simple 
sedation in the management of the milder forms 
of hypertension? 

2. Does Rauwolfia when used alone produce 
a significant reversal in organic changes, e.g., 
decrease in heart size or regression of retinopathy? 

3. Does the addition of Rauwolfia produce 
a significant reduction in dosage requirements of 
Veratrum viride? Are the side actions of Vera- 
trum viride reduced? 

4. Can Rauwolfia be substituted for hy- 
dralazine in patients who are on a _ hexa- 
methonium-hydralazine regimen? Does the 
addition of Rauwolfia allow a significant reduc- 
tion in dosage requirements of either or both 
drugs? 

METHODS AND MATERIALS 

The patients in this study were from the 

Hypertensive Clinic at Georgetown University 


Medical Center, the medical wards and clinics 
of the Georgetown Medical Division of the 
District of Columbia General Hospital, and U. S. 
Army Dispensary, The Pentagon, and from 
the author’s private practice. All had undergone 
the routine clinical and laboratory studies which 
are ordinarily used to evaluate the hypertensive 
state, including a complete history and physical 
examination, urinalysis, fractional phenolsul- 
fonphthalein test, blood urea nitrogen deter- 
mination, electrocardiogram and chest x-ray. 

There are three therapeutic groups in this 
series of eighty-nine patients. The first com- 
prises forty-four patients who received Rauwolfia 
(rauwiloid®{) as the sole therapeutic agent. 
The second group, twenty-two patients, had 
previously been maintained with Veratrum 
(veriloid®§) alone and have been changed to 
combined therapy with rauwiloid and veriloid. 
The third group consists of twenty-one patients 
who had been receiving ganglionic blocking 
agents (hexamethonium or pentapyrrolidinium ) 
and/or hydralazine (apresoline®||) before the 
addition of rauwiloid. All of the patients were 
ambulatory. 

In the first group, before rauwiloid therapy 
was instituted, all the patients had been treated 
with phenobarbital, 0.1 gm./day, or amytal 
sodium, 0.2 gm./day, for at least six weeks. 
Blood pressures were recorded at least once 
weekly throughout the study. Rauwolfia{ was 

t Rauwiloid (an alkaloidal extract from Rauwolfia 
serpentina) used in these studies was supplied by the 
Riker Laboratories, Los Calif. 

§ Veriloid (an alkaloidal extract of Veratrum viride) 
used in these studies was supplied by the Riker Labora- 
tories, Los Angeles, Calif. 

|| Apresoline used in these studies was supplied by 
the Ciba Pharmaceutical Products, Inc., Summit, N. J. 

{ Early in the study, tablets of crude Rauwolfia 
serpentina were used and dosages were expressed in 


* From the Department of Medicine, Georgetown University School of Medicine and the Georgetown University 
Medical Division, District of Columbia General Hospital. This investigation was supported by research grants from 
Ciba Pharmaceutical Products, Inc., Summit, N. J., Irwin Neisler & Co., Decatur, Ill., and Riker Laboratories, Inc., 


expressed 
views of the Medical t of the U. S. Army. 


by the author in this paper are his own and do not necessarily reflect the 


t Present address: U. S. Army Dispensary, The Pentagon, Washington, D. C. 
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given in doses of 250 mg. twice daily when the 
experimental drug was used and 4 mg. at bed- 
time when rauwiloid was used. Placebos were 
substituted at least once during the study in all 
patients, for a six-week period. 

The second group of patients had been receiv- 
ing veriloid for at least five months before 
Rauwolfia was added, the average duration of 
therapy being 9.5 months. The dose of veriloid 
varied from 10 to 29 mg./day with an average 
of 18 mg./day. In order to determine the least 
amount of Veratrum required for optimal results, 
during the month before rauwiloid was added, 
the veriloid dosage was reduced by increments 
until a definite rise in the arterial pressure oc- 
curred. The dosage of rauwiloid was the same as 
in the first group. 

Twenty-one patients were included in the 
third group. Fourteen of these, who have been 
followed up for more than a year, have been 
receiving hexamethonium by injection twice 
daily in dosages ranging between 100 to 400 
mg./day, plus apresoline orally in daily doses 
varying between 100 to 700 mg. Seven patients, 
followed up for more than a year, had been 
taking hexamethonium orally in daily dosages 
ranging between 1 and 5 gm., and apresoline 
in daily dosages varying between 200 and 800 
mg. As in the veriloid group, a month before 
the addition of Rauwolfia the doses of hexa- 
methonium and apresoline were lowered in an 
incremental fashion until a rise in arterial 
pressure occurred. When the dosage require- 
ments of the two hypotensive agents were found, 
Rauwiloid was added in dosage of 4 mg. at 
bedtime. 

Two patients (one a malignant hypertensive 
and the other with grade 1m retinopathy) had 
received oral pentapyrrolidinium (ansolysin*) 
therapy for three months before rauwiloid was 
added. Both of these patients have now been 
followed up for six months or longer. Initial 
dosage of ansolysin was 22.5 mg., three times a 
day, increased slowly to 200 to 300 mg. per day. 


RESULTS 


Rauwiloid. Forty-four patients received rau- 
wiloid as the sole hypotensive agent for periods 
of five months to two years, with an average 


terms of crude root content. Our present routine is to 
use the alkaloidal extract, rauwiloid, and dosages are 
expressed in terms of milligrams of alkaloids. 

* Ansolysin used in these studies was supplied by 
May and Baker, Ltd., London, England. 
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duration of nine months. Twenty-four patients 
had grade 1 hypertensive retinopathy; of these 
twenty also presented congestive heart failure. 
Twenty patients had normal or grade 1 fundi. 

In the twenty patients with normal or grade 
1 fundi there was an average reduction of 20.0 
mm. Hg in systolic pressure and an average 
reduction of 18.2 mm. Hg in diastolic pressure. 
Twelve of the twenty patients (60 per cent) 
showed more than 20 mm. Hg reduction in 
diastolic pressure, and an additional four of the 
twenty patients (20 per cent) showed more than 
a 10 mm. Hg reduction in diastolic pressure. 
The average fall of all twenty was from 150/110, 
optimum, while on sedation, to an average of 
135/95 on rauwiloid. The level of arterial pres- 
sure in both these groups returned to pre- 
treatment levels when placebos were substituted. 
The heart rate was slowed an average of 9.7 
beats per minute. Four of the six patients with 
normal fundi showed no objective response to 
the therapy. 

In the twenty-four patients with grade u 
retinopathy there was an average reduction of 
13.3 mm. Hg in systolic pressure, and an average 
reduction of 9.7 mm. Hg in diastolic pressure 
from the pretreatment average of 165/115. Nine 
patients (36 per cent) showed a greater than 
15 mm. Hg in diastolic pressure with a return 
of the blood pressure to pretreatment levels when 
placebos were substituted. 

The heart rate was reduced an average of 8 
beats per minute, with a range of 0 to 20 beats 
per minute. Headache, which was present in 
seventeen of the twenty-four patients before 
therapy, was alleviated in sixteen. The severity 
of the congestive heart failure remained un- 
changed. The fifteen patients whose blood pres- 
sure did not fall significantly showed no objec- 
tive benefit from Rauwolfia therapy but 
reported subjective improvement, notably relief 
of headache. 

The hypotensive and bradycrotic action of 
Rauwolfia in the dosage used did not become 
manifest for from ten days to two weeks. The 
full hypotensive effect frequently was not 
achieved until after three to four months of 
therapy. Similarly, when medication was dis- 
continued and placebos were substituted, the 
arterial pressure frequently did not show an 
appreciable increase for from three to four weeks. 
Our experience indicates that there is little 
advantage to giving the medication more than 
once daily. Twelve patients of the forty-four 


AMERICAN JOURNAL OF MEDICINE 


Value of Rauwolfia in Hypertension—Finnerty 


showed a transient fall in arterial pressure during 
the first month of therapy but returned toward 
pretreatment levels a few weeks later. For these 
patients addition of a more potent agent was 
required. Increasing the dosage did not enhance 
the therapeutic effect or prolong the hypotensive 
effect in this group. 

There are certain interesting findings in addi- 
tion to the hypotension response to rauwiloid. 
Forty of the forty-four patients gained an average 
of 5 pounds during the first three months of 
therapy, with a range of 0 to 12 pounds. This 
represented a true weight gain, was not due to 
the development of edema and was propor- 
tionate to an increased appetite and general 
feeling of well-being. 

Thirty patients slept more soundly and twenty- 
five complained of fatigue on arising which 
lasted from one-half to one hour. There was 
relief of headache in sixteen of seventeen pa- 
tients and relief of anxiety in sixteen patients. 

Mild nasal stuffiness was noted in fifteen pa- 
tients. Slightly loose stools were noted in ten 
and mild abdominal cramping was noted on 
one or more occasions in fifteen patients. 

Restless nights with nightmares were a com- 
plaint in three patients. This symptom was 
alleviated by reducing the Rauwolfia dosage by 
half. Five patients noted a transitory giddy feel- 
ing, as though they were momentarily “out of 
contact.”” One patient noted a maculopapular 
rash which disappeared when medication was 
withheld and which did not return when medica- 
tion was again instituted. No serious toxic effects 
have been noted from rauwiloid. (Table 1.) 

Rauwiloid and Veriloid. There were twenty- 
two patients in this group, including eighteen 
with grade 1 fundal changes, two with grade 
1 retinopathy and two patients with malignant 
hypertension. The duration of combined therapy 
up to the time of this report varied from five to 
sixteen months, with an average of 8.5 months. 
(Table 

With the addition of rauwiloid it was possible 
to reduce the daily veriloid dosage by one-half 
or more in seven cases, by one-third in five cases, 
and by one-fifth in one case. The dosage of 
veriloid could not be reduced in nine cases. The 
average optimum blood pressure on veriloid alone 
was 160/115. Upon the addition of rauwiloid the 
average reduction in blood pressure below that 
obtained with veriloid alone was 8.9 mm. Hg 
systolic and 6.8 mm. Hg diastolic despite the 


NOVEMBER, 1954 


631 


lower dosage of veriloid. The average additional 
reduction in pulse rate was 6.4. 

The incidence of nausea and vomiting in the 
patients taking veriloid alone varied between 
twice a week and once every two weeks. When 
amytal® sodium was added (60 mg., three times 
daily), the incidence of vomiting varied between 
once every ten days to once a month. With the 
reduced dosage of veriloid plus rauwiloid, plus 
amytal sodium, ten of the twenty-two patients, or 
ten of the thirteen patients who benefited blood 
pressure-wise, have noted no nausea or vomiting 
in six months. Two patients who previously had 
experienced vomiting once weekly on veriloid 
alone had emesis only once a month upon com- 
bined therapy. Although rauwiloid did not 
reduce the veriloid dosage in two patients, it did 
reduce the incidence of emesis by three-fourths. 

Sixteen of the twenty-two patients (73 per 
cent) were clearly benefited by the addition of 
rauwiloid to veriloid, as manifested either by a 
reduction in blood pressure or reduction in the 
incidence of nausea and vomiting or, most 
commonly, a reduction in both. The six patients 
who did not respond to the addition of rauwiloid 
include two patients in the malignant phase and 
four patients with severe grade n hypertensive 
cardiovascular disease. Ganglionic blocking 
agents were needed to control the hypertension 
in these patients. 

Hexamethonium and Apresoline plus Rauwiloid. 
Twenty-one patients were in this group, includ- 
ing six patients with grade Iv retinopathy (Keith- 
Wagener), four with grade m retinopathy and 
eleven patients with grade 1 retinopathy (five 
of these patients were in congestive heart failure). 
The average blood pressure for the whole group 
while on optimum dosage of hexamethonium 
was 175/120. (Table m.) 

This group is further subdivided as follows: 
(1) fourteen patients who had been taking 
parenteral hexamethonium and oral apresoline, 
and (2) seven patients who had been taking 
oral hexamethonium and oral apresoline. After 
addition of rauwiloid the following change in 
therapy was possible without loss of hypotensive 
effect: It was possible to omit 200 mg. of 
apresoline and reduce the parenteral dose of 
hexamethonium by one-half in four patients; 
100 mg. of apresoline were omitted in three 
patients; the dose of parenteral hexamethonium 
was reduced by one-half in two patients; 200 
mg. of apresoline were omitted and the paren- 
teral hexamethonium dosage was reduced by 
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TABLE I 
Reduction in | Reduction in 
P d Grad Dure- vented Optimn 
atient and Grade ow timum/|below Optimum 
of Hypertension Drug me ee aoe Barbiturate Barbiturate Toxicity Remarks 
a Level Level 
(mm. Hg) (Beats /min.) 
J. M., w., m., 40* Rauwiloid 6 30/20 10 Fatigue in a.m. | Relief of anxiety; 
Normal fundi slept more soundly 
J. T., w., m., 36 Rauwiloid 5 10/20 6 Stuffy nose, Relief of anxiety; 
Normal fundi fatigue in a.m. | slept more soundly 
J. W., w., m., 36 Rauwiloid 6 None 5 Fatigue in a.m. | Begun on veriloid 
Normal fundi with no response in 
3 mo. 
B. G., w., m., 40 Rauwiloid 6 None 0 Fatigue in a.m. | Slept more soundly; 
Normal fundi decrease in 
headache 
B. H., w., m., 41 Rauwiloid 8 None 0 Mild abdominal Sleeps better; 
Normal fundi cramping decrease in head- 
ache; less anxiety 
M. R., w., m., 39 Rauwiloid 8 None 0 Fatigue in a.m. No response 
Normal fundi | 
M. J., w., f., 41 Rauwiloid 24 20/30 20 Stuffy nose, Relief of anxiety 
Grade | abdominal and headache; 
cramps slept more soundly 
C. H., w., m., 37 Rauwiloid 5 30/20 15 Giddy feeling Relief of anxiety; 
Grade | slept more soundly 
C. A., w., m., 49 Rauwiloid 8 30 /20 15 Tired in a.m. | Relief of headache; 
Grade 1 | slept more soundly 
C. N., w., m., 41 Rauwiloid 8 30/20 10 Stuffy nose, Slept more soundly 
Grade 1 abdominal 
cramps 
M. F., w., m., 36 Rauwiloid 5 10/20 10 Fatigue in a.m. Slept more soundly: 
Grade | weight gain 
M. H., w., f., 38 Rauwiloid 8 20/20 10 Stuffy nose, Slept more soundly 
Grade 1 fatigue in A.M. 
B. J., c., f., 43 Rauwiloid 5 40/15 6 Abdominal Relief of anxiety; 
Grade | cramps slept more soundly 
M. F., w., f., 36 Rauwiloip 5 20/15 10 Stuffy nose, Headache less; 
Grade 1 abdominal slept more soundly 
Congestive failure cramps 
M. O., w., m., 41 Rauwiloid 8 35/30 15 Fatigue in a.m. | Marked increase in 
Grade 1 appetite 
C. A., w., m., 40 Rauwiloid 6 30/20 10 Fatigue in a.m. | Decreased anxiety; 
Grade | slept more soundly 
L. B., w., m., 46 Rauwiloid 12 40/45 10 Stools softer; Decreased anxiety: 
Grade 1 fatigue in slept more soundly; 
A.M., occasional| decrease in 
restless nights headache 
O. V., w., m., 37 Rauwiloid 7 30/20 15 Fatigue in a.m., | Slept more soundly; 
Grade 1 stuffy nose decrease in 
headache 
E. P., w., m., 39 Rauwiloid 10 15/20 6 Fatigue in a.m. | Slept more soundly; 
Grade | decrease in 
headache 
C. G., w., m., 34 Rauwiloid 10 20/30 10 Macular rash, (| Slept more soundly; 
Grade | stuffy nose decrease in 
headache 
E. M., w., £., 57 Rauwiloid 6 30/20 20 Stuffy nose Relief of anxiety; 
Grade 1 slept more soundly 
Congestive failure 
F. G., w., m., 35 Rauwiloid 5 None 10 Abdominal Less anxiety; slept 
Grade 1 cramps more soundly 
F. S., c., m., 50 Rauwiloid 5 None None Stuffy nose, Relief of headache; 
Grade nu fatigue in a.m. | slept more soundly 
Congestive failure 
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TABLE 1 (Continued) 
“Reduction in | Reduction in 
D Blood Pressure | Pulse Rate | 
Patient and Grade |below Optimum|below Optimum 
of H Drug tion in |" Barbiturate Barbiturate Toxicity Remarks 
Months |“ Level Level 

(mm. Hg) (Beats /min.) 

M. W., c., f., 56 Rauwiloid 5 30/20 10 Stuffy nose, No relief of 
Grade u | fatigue in A.M headache; slept 
Congestive failure — more soundly 

L. S., c., m., 59 -Rauwiloid 6 10/0 10 Stuffy nose, Relief of headache; 
Grade | fatigue in a.m. | slept more soundly 
Congestive failure | 

A. L., c., f, 58 - Rauwiloid 5 0/10 10 Abdominal Relief of headache; 
Grade | cramps, fatigue | slept more soundly 
Congestive failure | in A.M. 

E. H., c., f., 29 Rauwiloid 5 50/15 10 Fatigue in a.m. | Relief of headache: 
Grade u | slept more soundly 
Congestive failure 

J. W., c., m., 48 - Rauwiloid 10 10/30 10 Abdominal Headache less; no 
Grade | | cram change in failure; 
Congestive failure | diarrhea anxiety relieved 

J. W., c., m., 61 Rauwiloid 10 30/20 10 abdominal No change in failure; 
Grade | cramps less anxiety 
Congestive failure | 

R. W., c., f., 58 Rauwiloid | 6 None 5 Fatigue in a.m. | Decrease in 
Grade u headache; no 
Congestive failure change in failure 

J. M., c., m., 33 Rauwiloid 6 10/10 5 Fatigue in a.m. | No change in heart 
Grade | | failure; anxiety less 
Congestive failure | | 

E. B., c., f., 50 Rauwiloid 24 None 4 Stuffy nose, Headaches less; 
Grade abdominal sleeps better; less 
Congestive failure | | cramps anxiety; no change 

in failure 

R. B., w., m., 40 | Rauwiloid 12 20/20 10 Fatigue in a.m. | Less anxiety; 
Grade | euphoria; no 
Congestive failure © change in failure 

E.T.,c,m.,60 Rauwiloid, 40/20 6 Stufly nose, Euphoria; 

Grade | abdominal headaches less 
Congestive failure cramps 

E. G., w., m., 36 Rauwiloid 8 None 4 Fatigue in a.m. | No response 
Grade u 
Congestive failure 

F. A., w., m., 50 Rauwiloid 7 None 6 Abdominal Euphoria 
Grade u cramps 

G. S., c., m., 54 Rauwiloid 9 10/20 6 Fatigue in a.m. | Less anxiety; slept 
Grade u more 
Congestive failure 

T. B., c., f., 50 Rauwiloid 8 None 10 Stuffy nose, Decreased 
Grade abdominal headache; slept 
Congestive failure cramps more so 

J. M., c., m., 33 Rauwiloid 8 None 4 Abdominal No response 
Grade cramps 
Congestive failure 

B. R., w., m., 40 Rauwiloid 7 10/10 10 Stuffy nose, Less anxiety; slept 
Grade u abdominal more soundly 
Congestive failure cramps 

L. V., w., m., 39 Rauwiloid 7 20/20 6 Fatigue in a.m.,| Less anxiety 
Grade stuffy nose 
Congestive failure 

C. C., w., m., 45 Rauwiloid 6 None 6 Abdominal Feels better; less 
Grade u cramps anxiety 

B. W., c., m., 60 Rauwiloid 5 None 0 Nightmares, No response 
Grade 1 stuffy nose 

H. W., c., m., 49 Rauwiloid 8 30/20 10 Fatigue in a.m., | Nochange in failure; 
Grade u y nose, slept more soundly ; 
Congestive failure abdominal less anxiety 

cramps 


*w = white; c = colored; m = male; f = female. 
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TABLE 1 
Patient and Grade Medication per oa “a Ponta * Pulse — 
of Hypertension Day Months | (mm. Hg) (Beats /min.) 
M. L., c., f., 34T Veriloid 10 mg. 24 170 78 Vomiting 1-2x/wk. 
Grade 1 110 
Veriloid 6 mg. + 12 150 60 No vomiting in 6 mo. 
rauwiloid 100 
R. T., w., m., 46 Veriloid 29 mg. 24 190 72 Vomiting every 10 days 
Grade 125 
Veriloid 14 mg. + 12 160 68 No vomiting in 6 mo. 
rauwiloid 110 
D. M., w., m., 39 Veriloid 24 mg. 6 170 76 Vomiting twice a month. 
Grade 1 120 
Veriloid 12 mg. + 6 160 70 No vomiting in 6 mo. 
rauwiloid 110 
S. S., w., m., 40 Veriloid 25 mg. 36 170 68 Vomiting twice a month 
Grade u 120 
Veriloid 21 mg. + 12 150 68 No vomiting in 6 mo. 
rauwiloid 110 
L. N., w., f., 58 Veriloid 18 mg. 24 190 80 Vomiting twice monthly 
Grade 1 108 
Veriloid 18 mg. + 12 170 64 No vomiting in 9 mo. 
rauwiloid 100 
M. K.., w., f., 60 Veriloid 20 mg. 12 160 70 Vomiting once weekly 
Grade 110 
Veriloid 6 mg. + 6 140 65 Vomiting once every 2 mo. 
rauwiloid 95 
E. G., c., m., 60 Veriloid 16 mg. 9 190 Vomiting once weekly 
Group I 120 
Veriloid 12 mg. + 16 190 Vomiting once every 2 mo. 
rauwiloid 110 
E. P., c., f., 43 Veriloid 15 mg. 5 160 80 Vomiting once weekly 
Grade u 110 
Veriloid 15 mg. + 5 160 76 Vomiting once in 3 mo. 
rauwiloid 110 
P. H., c., f., 62 Veriloid 13.5 mg. 24 190 84 Vomiting once a month 
Grade 110 
Veriloid 6 mg. + 12 190 60 No vomiting in 1 yr. 
rauwiloid 100 
V. L., w., f., 33 Veriloid 12.5 mg. 15 170 80 Vomiting once every 3 wk. 
Grade u 120 
Veriloid 6 mg. + 6 160 65 No vomiting in 6 mo. 
rauwiloid 110 
H. C., w., m., 56 Veriloid 18.5 mg. 16 180 94 Vomiting once every 2 mo. 
Grade u 130 
Veriloid 18.5 mg. +] 12 180 94 No vomiting in 1 yr. 
rauwiloid 115 
P. H., w., f., 56 Veriloid 16 mg. 8 180 80 Vomiting twice a month 
Grade 120 
Veriloid 18 mg. + 6 170 70 No vomiting in 6 mo. 
rauwiloid 110 
C. W., c., f., 41 Veriloid 22 mg. 24 180 84 Vomiting once every 2 wk. 
Grade u 115 
Veriloid 18 mg. + 6 180 78 Vomiting once a month 
rauwiloid 115 
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Patient and Grade | Medication per Pulse 
of Hypertension Day Months | (mm. Hg) (Beats /min.) 
A. V., w., m., 45 Veriloid 21 mg. 5 160 82 Vomiting once weekly 
Grade u 120 
Veriloid 21 mg. + 5 160 82 No effect from addition of 
rauwiloid 120 rauwiloid 
C. O'N., w., m., 64 | Veriloid 20 mg. 6 210 88 Vomiting once every 2 wk. 
Grade 120 
Veriloid 20 mg. + 5 210 82 No benefit from addition of 
rauwiloid 120 rauwiloid 
H. G., w., m., 49 Veriloid 14 mg. 6 150 70 Vomiting every 2 wk. 
Grade u 120 
Veriloid 16 mg. + 7 150 70 No benefit from addition of 
rauwiloid 120 rauwiloid 
M. B., w., m., 33 Veriloid 20 mg. 8 180 82 
Grade 125 
Veriloid 20 mg. + 6 180 82 No effect from addition of 
rauwiloid 125 rauwiloid 
P. H., wW., f., 56 Veriloid 18 mg. 6 170 80 Addition of rauwiloid caused no 
Grade 110 reduction in blood pressure but 
reduced veriloid dosage 
Veriloid 12 mg. + 6 170 76 No vomiting in 6 mo. 
rauwiloid 110 
O. S., w., m., 39 Veriloid 22 mg. 6 190 84 
Grade m1 130 
Veriloid 28 mg. + 5 190 84 No effect from addition of 
rauwiloid 130 rauwiloid 
M. W., c., f., 64 Veriloid 16 mg. 10 180 80 Vomiting once every 2 wk. 
Grade u 120 
Veriloid 12 mg. + 6 160 76 Vomiting once every 6 wk. 
rauwiloid 110 
H. G., w., m., 43 | Veriloid 20 mg. 24 180 80 Vomiting once every 2 wk. 
Grade Iv 120 
Veriloid 10 mg. -+ 7 160 70 Vomiting once every 2 mo. 
rauwiloid 110 
F. S., c., m., 41 Veriloid 24 mg. 5 190 84 Vomiting once every 2 wk. with 
Grade iv 140 veriloid 
Veriloid 26 mg. + 5 200 84 No change with rauwiloid 
rauwiloid 140 
* Average of many readings. 


tw = white; c = colored; m = male; f = female. 


two-thirds in three; apresoline (200 mg.) was 
omitted and the dose of hexamethonium was 
reduced by 50 mg. in one; and 200 mg. of 
apresoline were omitted in one case. Two pa- 
tients (one with malignant hypertension and one 
with grade 11 retinopathy) showed no beneficial 
effect from the addition of rauwiloid. 

Similar results were obtained when rauwiloid 
was added to the regimen of patients taking 
hexamethonium orally. In these patients the 
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dose of hexamethonium could be reduced by 
one-third or more in all instances and apresoline 
could be omitted in all but one patient; in this 
Case it was reduced from 700 to 300 mg. per day. 

Thus significant reductions in hexamethonium 
dosage and omission of apresoline were possible 
in eighteen of twenty-one patients. The blood 
pressure remained unchanged in fourteen. In 
the seven patients in whom a fall in arterial 
pressure was noted there was an average reduc- 
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TABLE II 
Dura- 
Patient and Grade ee eta Pressure * Pulse 
of Hypertension Medication per Day tion in (mm. Hg) | (Beats /min.) Remarks 
Months 
H. W., w., m., 42T | Oral hexamethonium 4 gm.; 10 180 80 
Grade 1 apresoline 700 mg. 110 
Oral hexamethonium 3 gm. ; 10 180 72 No constipation or blurring 
apresoline 400 mg.; rauwi- 110 of vision 
loid 4 mg. 
R. M., w., m., 38 | Oral hexamethonium 3 gm.; 8 160 80 
Grade apresoline 400 mg. 115 
Oral hexamethonium 2 gm. ; 9 150 74 Blurring of vision; constipa- 
rauwiloid 4 mg. 105 tion much improved 
P. S., w., m., 32 Oral hexamethonium 1 gm. ; 5 150 80 No toxicity 
Grade n apresoline 300 mg. 105 
Oral hexamethonium 1 gm.; 7 150 70 No toxicity save 13 pound 
-rauwiloid 4 mg. 100 weight gain 
N. A., w., m., 39 | Oral hexamethonium 4 gm.; 5 190 80 
Grade apresoline 100 mg. 125 , 
Oral hexamethonium 2 gm.; 6 160 65 Constipation; blurring of vi- 
rauwiloid 4 mg. | 110 sion; fatigue much less 
B. B., w., f., 34 Oral hexamethonium 4 gm.; 9 150 80 
Grade apresoline 100 mg. 105 
Oral hexamethonium 1 gm. ; 6 150 74 Constipation greatly relieved 
rauwiloid 4 mg. 105 
P. P., w., m., 33 Parenteral hexamethonium | 12 160 80 
Grade 1 100 mg.; apresoline 120 
200 mg. 
Parenteral hexamethonium 150 70 Postural dizziness; constipa- 
100 mg.; rauwiloid 4 mg. 100 tion; fatigue completely 
alleviated 
T. O., w., m., 44 | Parenteral hexamethonium 12 160 78 
Grade u 250 mg.; apresoline 115 
200 mg. 
Parenteral hexamethonium 160 68 Flushing and tachycardia 
200 mg.; rauwiloid 4 mg. 115 completely alleviated 
P. C., w., m., 45 Parenteral hexamethonium 12 160 78 
Grade 200 mg.; apresoline 110 
100 mg. 
Parenteral hexamethonium 6 160 78 Mild blurring of vision 
200 mg.; rauwiloid 4 mg. 110 eliminated 
B. W., c., f., 60 Parenteral hexamethonium 12 160 80 
Grade u 300 mg.; apresoline 110 
200 mg. 
Parenteral hexamethonium 7 160 65 Constipation eliminated 
100 mg.; rauwiloid 4 mg. 110 
V. F., c., f., 46 Parenteral hexamethonium 12 170 80 
Grade 200 mg. 110 
Parenteral hexamethonium 6 170 75 Less dizziness 
100 mg. 110 
F. H., c., m., 32 Oral hexamethonium 4 gm.; 6 170 80 
Grade u apresoline 200 mg. 110 
Oral hexamethonium 2 gm. ; 170 75 No constipation 
rauwiloid 4 mg. 110 
W. B., c., m., 46 Parenteral hexamethorium 9 190 85 
Grade 11 300 mg.; apresoline 130 
200 mg. 
Parenteral hexamethonium 6 190 80 Constipation; dizziness less 
150 mg.; rauwiloid 4 mg. 120 
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Patient and Grade 
of Hypertension 


| Medication per Day 
| 


L. S., c., m., 40 
Grade m1 


P. H., c., f., 48 
Grade m 


B. H., c., m., 46 
Grade m1 


E. W., c., f., 52 
Grade tv 


Parenteral hexamethonium 
100 mg.; apresoline 
100 mg. 

Parenteral hexamethonium 
100 mg.; rauwiloid 4 mg. 

Parenteral hexamethonium 


400 mg.; apresoline 
| 200 mg. 

| Parenteral hexamethonium 
400 mg.; apresoline 

200 mg.; rauwiloid 4 mg. 


hexamethonium 3 gm.; 


apresoline 200 mg. 
hexamethonium 2 gm., 
_ rauwiloid 4 mg. | 
Parenteral hexamethonium 
200 me. | 
Parenteral hexamethonium 
_ 100 mg.; rauwiloid 4 mg. 
Parenteral hexamethonium 
_ 300 mg.; apresoline 
mg. 
Parenteral hexamethonium 
300 mg.; apresoline 
200 mg.; rauwiloid 4 mg. 
Parenteral hexamethonium 
200 mg.; apresoline 
200 mg. 
Parenteral hexamethonium 
100 mg.; rauwiloid 4 mg. 
Parenteral hexamethonium 
300 mg.; apresoline 
200 mg. 
Parenteral hexamethonium 
150 mg.; rauwiloid 4 mg. 
Parenteral hexamethonium 
200 mg.; apresoline 
200 mg. 
Parenteral hexamethonium 
100 mg.; rauwiloid 4 mg. 
| Parenteral hexamethonium 
200 mg.; apresoline 100 mg. 


Parenteral hexamethonium 
200 mg.: rauwiloid 4 mg. 


Dura- 


Pressure * Pulse 
(mm. Hg) | (Beats /min.) 
8 200 85 
120 
8 190 60 No tachycardia 
110 
7 180 85 
130 
6 80 85 No response to addition of 
30 rauwiloid 
8 160 80 
105 
7 160 70 No constipation; less blurring 
105 of vision 
24 180 | 80 
15 
12 1800 75 Less abdominal distention 
115 and constipation 
6 190 80 
135 
5 190 Rauwiloid caused no change 
135 in blood pressure or toxicity 
12 170 80 
105 
7 170 75 No constipation 
105 
6 170 80 
115 
5 170 70 Less dizziness; no blurring of 
115 vision 
6 190 80 
120 
5 190 75 Less blurring of vision; less 
120 palpitation 
12 170 80 
110 
6 150 60 Slight constipation 
90 eliminated 


* Averagegof many readings. 
tw = white; c = colored; m = male; f = female. 
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| | | 
| 
R. E., c., f., 43 
Grade tv 
F. S., c., m., 38 
Grade tv 
S. G., c., f., 35 
Grade iv 
F. G., c., f., 50 
Grade iv 
R. F., c., m., 46 
Grade tv | 
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tion of 11.4 mm. Hg systolic and 13.0 mm. Hg 
diastolic following the addition of rauwiloid. The 
pulse rate was reduced in all but three, with an 
average reduction of 8.7 beats per minute. 

The side effects induced by hexamethonium 
and apresoline, notably constipation, blurring 
of vision, collapse reactions, tachycardia and 
headaches, were negligible following the addi- 
tion of rauwiloid and reduction in dosage or 
omission of the offending agents. 

As the dosage of hexamethonium, in com- 
bination with rauwiloid, was determined, these 
patients were given rauwiloid and _hexa- 
methonium in the same tablet* administered 
after meals and at bedtime. Data on these 
patients will be the subject of a future report. 

In the two patients treated with pentapyr- 
rolidinium, rauwiloid was effective in further 
reducing the diastolic pressure 10 mm. Hg in 
each, and decreasing the dosage by 50 mg. in 
one and 150 mg. in the other. This resulted in 
greatly reducing the side effects. 


COMMENTS 


The fact that seventeen of our twenty patients 
with normal or grade 1 fundi treated with rau- 
wiloid alone showed an average reduction in 
arterial pressure of 20 mm. systolic and 18 mm. 
diastolic below the optimal level obtained with 
mild sedation, and showed a rise in arterial 
pressure and a return of anxiety when placebos 
were substituted, leaves little doubt of the value 
of the drug in mild hypertensive vascular disease. 
The symptomatic improvement, particularly 
the relief of headache, bradycardia, sounder 
sleep, weight gain and relief of anxiety, although 
difficult to evaluate in hypertensive patients, 
was so consistent and frequently so dramatic that 
it must be mentioned. We agree with Wilkins! 
that these symptomatic benefits are quite real 
and are the most easily identifiable effects of the 
drug. 

In our experience the weight gain may be a 
problem, particularly in the already obese pa- 
tient. The patient should be warned of this 
fairly frequent accompaniment of the drug and 
his caloric intake may need to be reduced 
accordingly. 

It is of interest that of the six patients with 
normal fundi, four failed to respond to rauwiloid. 
This suggests that Rauwolfia, like other and 
more potent hypotensive agents, is less likely 

* Rauwiloid + Hexamethonium, Riker Laboratories, 
Inc., Los Angeles, Calif. 
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to produce a good therapeutic response in the 
absence of demonstrable vascular changes. 

Although approximately one-third of the pa- 
tients with grade hypertension manifested a 
reduction of blood pressure and ‘“‘felt well’ while 
receiving the drug, it should be noted that there 
was no evidence that the status of their vascular 
disease was changed appreciably. Congestive 
failure, present in twenty of these patients, was 
not benefited in any case. It should be empha- 
sized, therefore, that in the presence of hyper- 
tensive cardiovascular disease with congestive 
failure more potent hypotensive therapy than 
Rauwolfia alone is indicated. Indeed the physi- 
cian may do harm in withholding additional 
therapy even though the patient may be im- 
proved symptomatically. 

The ability of Veratrum to lower blood pres- 
sure has never been questioned, and the recent 
development of purified well standardized 
extracts plus intensive clinical and pharmaco- 
logic investigations have proved the drug to be a 
safe and effective hypotensive agent.’~'' The 
only drawback to wide acceptance of the drug 
has been the relatively narrow margin between 
the dosage required for hypotension and that 
causing nausea or vomiting. This has made dosage 
adjustment difficult and side actions frequent. 

Studies by Freis'® and others have shown that 
Veratrum is best tolerated after breakfast, mid- 
afternoon and at bedtime, and the author'® has 
shown that amytal sodium given concurrently 
with Veratrum tends to reduce nausea and 
vomiting. Utilizing the three-time daily schedule 
with amytal sodium, and omitting the intake 
of fluids and food for four hours after medica- 
tion, has been successful in reducing the inci- 
dence of vomiting from an average of once 
every ten days to once every twenty-one days. 

The addition of Rauwolfia to Veratrum per- 
mits the use of lower doses of Veratrum (the 
dose of veriloid could be reduced by more 
than one-third in 50 per cent of cases), thus 
greatly increasing the margin between the 
therapeutic and emetic dose. It also seems to 
enhance the hypotensive effect. The addition of 
rauwiloid makes veriloid easier to administer, 
more effective and practically does away with 
unpleasant side reactions. With the reduced 
dosage of rauwiloid plus amytal sodium, ten of 
the thirteen patients who showed a reduction in 
blood pressure have noted no vomiting in six 
months. Even when the dosage of veriloid could 
not be reduced by the addition of rauwiloid 
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a significant decrease in the incidence of vomit- 
ing was noted. 

Prior to the institution of rauwiloid we found 
it possible to reduce the veriloid dosage by more 
than one-third in six patients before the arterial 
pressure began to return to pretreatment level. 
Although large doses of Veratrum were needed 
originally to control the hypertensive state, it 
became apparent that these large doses were no 
longer necessary. To avoid giving more medica- 
tion than required, a check on the Veratrum 
requirement from time to time therefore is as 
essential as is a check on the need for a weekly 
mercurial diuretic in a cardiac patient. 

Although one cannot deny the efficacy— 
indeed the sometimes life-saving qualities of 
hexamethonium and apresoline therapy in pa- 
tients with severe hypertension—the potential 
hazards incumbent in the use of these agents can- 
not be emphasized too strongly. Hexamethonium- 
induced collapse reactions, constipation and 
impotency in men, and apresoline-induced head- 
ache and palpitation are familiar to all who use 
these medications. Recently, however, notably 
through the studies of Perry and Schroeder, 
Dustan et al., as well as other investigators, even 
more serious toxic reactions have been reported 
to follow long-term administration of high doses 
of both these agents, e.g., interstitial pneumonia 
due to hexamethonium and a lupus erythema- 
tosus-like picture due to apresoline.'*~'* 

Since hexamethonium and apresoline are 
capable of producing such serious side effects, 
exceeding caution should be exercised in select- 
ing patients for therapy; certainly no patient 
with normal eyegrounds or grade 1 hypertensive 
retinopathy should be subjected to this type of 
medication. The large majority if not all pa- 
tients with grade 1 retinopathy can be ade- 
quately and safely controlled with the rauwiloid 
plus veriloid plus amytal combination. Conse- 
quently, more drastic therapy is indicated 
only in patients with grade mm or grade Iv 
retinopathy. 

Once therapy with hexamethonium and/or 
apresoline has been instituted, frequent checks 
on the need for large dosages of either or both 
drugs are necessary. As is the case with our 
veriloid-treated cases, we found that the hexa- 
methonium and apresoline doses could be 
reduced by one-third in four cases within seven 
months after institution of therapy. If more 
serious toxic reactions are to be prevented, 
minimum effective dosage must always be used. 
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Perry and Schroeder reported that Rauwolfia 
could not be substituted for apresoline.'* The 
addition of rauwiloid to the regimen of our 
patients taking hexamethonium (parenterally 
or orally) and apresoline made possible a reduc- 
tion in the hexamethonium dosage of one-third 
or more in all but five cases and omission of 
apresoline entirely in all but four cases. In 
nineteen of twenty-one patients the level of 
arterial pressure and status of congestive failure 
remained either unchanged or showed im- 
provement with the addition of rauwiloid 
to optimal dosage of hexamethonium and 
apresoline. By substituting a non-toxic drug 
for a potentially toxic one, and by reducing 
the dosage of another, unpleasant side reactions 
were minimized or alleviated completely; the 
patients felt better, they continued to do well or 
improved, and the danger of long-term reactions 
was reduced or eliminated. 

Preliminary observations with pentapyrro- 
lidinium suggest that this drug is five times more 
potent than hexamethonium, is less toxic and 
absorbed more dependably.'* Because of these 
qualities it will probably replace hexamethonium 
in the hypotensive armamentarium. It is worth 
noting, therefore, that rauwiloid is capable of 
reducing the dosage requirement of pentapyr- 
rolidinium significantly. 

As stated at the outset, the objectives of this 
study were to provide the answers to several 
questions. Our data to date have provided the 
answer to some of these and have also given us a 
reasonable basis for predicting answers to the 
others. 

1. Rauwiloid is of value in mild to moderate 
degrees of hypertension, and results obtained 
with the drug are superior to those obtained with 
mild sedation alone. In the more advanced cases 
rauwiloid should be supplemented with more 
potent hypotensive agents such as_ veriloid, 
hexamethonium, or other ganglionic blocking 
agents, and/or apresoline. 

2. No appreciable benefit was seen in conges- 
tive failure and there was no valid evidence that 
the status of the hypertensive cardiovascular 
disease was changed appreciably by rauwiloid 
alone. However, on combination therapy con- 
gestive failure was found to clear in several 
patients, and there is reason to believe that 
simply lowering the blood pressure slows the 
progression of vascular disease and may in time 
actually allow regression of organic changes. 

3. The addition of rauwiloid to veriloid re- 
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duces the dosage requirements for veriloid and 
widens the margin between the therapeutic 
dose of veriloid and the dose producing side 
actions. 

4. By adding rauwiloid to hexamethonium 
and/or apresoline therapy it is possible to reduce 
the dose of these potent agents significantly and 
often to eliminate apresoline entirely, thus 
greatly reducing the incidence of toxic side 
actions. 


SUMMARY AND CONCLUSIONS 


The present status of our studies on eighty- 
nine hypertensive patients, treated with Rau- 
wolfia alone or in combination with other more 
potent hypotensive agents, permits the follow- 
ing conclusions: _ 

1. When used alone, rauwiloid proved to be 
definitely superior to the use of mild barbiturate 
sedation for the reduction of blood pressure and 
for the relief of anxiety in patients with normal 
eyegrounds or with grade 1 _ hypertensive 
retinopathy. 

2. When added to veriloid, rauwiloid fre- 
quently made it possible to reduce the dose of 
veriloid by one-third or more, thus reducing 
significantly the incidence of nausea and vomit- 
ing, and also enhancing the hypotensive effect. 

3. When added to hexamethonium and 
apresoline in severe hypertension, rauwiloid 
made possible a reduction in the hexamethonium 
dosage by one-third or more in all but five cases 
and eliminated the need for apresoline entirely 
in all but four cases. The blood pressure re- 
mained the same or improved. The _ hexa- 
methonium- and apresoline-induced side effects 
were either greatly reduced or eliminated 
altogether. 
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Esophageal Varices in Non-cirrhotic Patients’ 


Esophagoscopic Study 
Lr. Cot. Eppy D. PALMER, m.c. and Irvinc B. Brick, M.D. 
Washington, D. C. 


found that 63 per cent of patients with 

portal cirrhosis who come under medical 
surveillance have esophageal varices.' Similarly, 
one-third of a group of patients with visceral 
schistosomiasis have been found to have varices.’ 
Primary and secondary obstruction of the 
extrahepatic portal venous system is the third 
major cause of these lesions. It is known that 
other hepatic and systemic diseases may be 
accompanied by varices* but expected incidences 
are not known because esophagoscopic data are 
not available. Autopsy examination is believed 
to be unreliable for investigation of variceal 
incidence, and it has been observed that roent- 
genologic study demonstrates varices in only a 
fraction of patients found by esophagoscopy to 
be affected. 

It was the purpose of the present study to 
investigate esophagoscopically the incidence of 
esophageal varices in adult patients whose liver 
biopsy showed certain types of abnormality 
other than portal or biliary cirrhosis, and whose 
physical findings and course appeared to ex- 
clude the diagnosis of portal vein obstruction. 
Emphasis was placed on correlations with the 
history of hematemesis and the presence of other 
potential upper gastrointestinal bleeding lesions. 


B esophagoscopic standards it has been 


MATERIAL AND METHODS 


Sixty-two hospitalized patients with various 
primary or secondary liver affections were 
studied. (Table 1.) Liver biopsies were taken 
with the Vim-Silverman needle. The Eder- 
Hufford esophagoscope, which is fitted with 
a telescope giving four-diameter magnification 
and which permits various manipulations under 
magnification, was used. The methods for 
measuring severity and extent of esophageal 
varices and the criteria for classifying severity, 
as used herein, have already been described.‘ 


FINDINGS 


Chronic Cardiac Failure. Six men and a 
woman, aged forty-two to seventy-five years, 
were studied. Six had arteriosclerotic hyper- 
tensive heart disease and one had tricuspid 
insufficiency associated with an obscure chronic 
collagen disease. All were under treatment for 
chronic congestive failure. Liver biopsy in all 
showed chronic passive congestion and, in addi- 
tion, there was minimal portal fibrosis in one and 
moderate fatty metamorphosis in another. 

Esophageal varices were found in four. (Table 
1.) They were classed as severe in one, moderate 
in one and mild in two. The distal two-thirds of 
the esophagus was involved in all. One patient 
was examined esophagoscopically on three oc- 
casions over a three-month period, during which 
hepatomegaly improved slightly. The varices 
meanwhile extended to involve all of the esopha- 
gus. Gastric varices were excluded by means of 
gastroscopy in three instances. | 

The findings in this group were unique in that 
in three instances the size of the varices was 
greater in the middle third of the esophagus than 
in the distal third, a situation not encountered 
during esophagoscopic study of 235 cases of 
portal cirrhosis. The fourth patient’s varices were 
no larger in the distal third than they were in the 
middle third. 

Portal venous pressure in one patient, 
measured transesophagoscopically,* was 460 mm. 
of water. The portal circulation time® in another 
was forty-two seconds. 

Fatty Liver. Study of nine patients with 
hepatomegaly and severe fatty metamorphosis 
of the liver showed no esophageal varices. Six 
had a history of hematemesis or were studied 


during hemorrhage, and in four there were five 
demonstrable upper gastrointestinal lesions which 


might have been responsible. One patient was 


* From the Gastrointestinal Sections, Walter Reed Army Hospital, and Georgetown University Hospital and School of 
Medicine, Washington, D. C. 
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treated by emergency gastric resection for bleed- 
ing duodenal ulcer. 

Portal Fibrosis. ‘Twenty-four patients had 
liver disease characterized by fibrosis of the 
portal areas but little perilobular extension. In 
addition, there was reactive hepatic cell 
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ease. There was improvement in the varices 
of three patients, slight worsening in one and no 
change in the other. 

The portal venous pressure was measured in 
three patients and the readings were, respec- 
tively, 360, 240 and 120 mm. of water. 


TABLE | 
DATA REGARDING VARICES AND HEMORRHAGE AMONG SIXTY-TWO PATIENTS WITH NON-CIRRHOTIC LIVER 
DISEASE 
Chronic Congenital 
Heart .  Sarcoid | Hemolytic 
Failure ver epatitis Sates epatitis | Fibrosis 

Esophageal varices: 

by esophagoscopy................ 4 0 8 0 1 1 8 

1 0 0 0 0 0 0 
Gastric varices: 

no. gastroscoped.................. 3 5 14 2 2 2 9 

a 0 0 0 0 0 0 0 
Portal pressure | 

average, mm. H2O............... 460 | | 285 240 
History bleeding................... 2 6 0 1 0 | 0 9 
Other lesions: | | 

2 1 0 0 | 0 0 | 2 

duodenal ulcer................... 1 2 0 1 | 0 0 | 5 

esophagus diverticulum............ 0 0 0 0 | 0 0 | 1 

0 1 0 0 0 0 | 0 

sees 0 1 0 0 0 0 | 0 
pleomorphism in one, round cell portal infiltrate Active Phase of Acute Infectious Hepatitis. Four- 


in six and fatty metamorphosis in one. Three of 
the patients were women, and the ages ranged 
from nineteen to sixty-eight years. There was 
hepatomegaly in seventeen, splenomegaly in 
four and vascular spiders in one. Ten had a 
history of hepatitis, all confirmed by review of 
previous records, and eleven were chronic 
alcoholics. 

Nine of the patients had a history of hema- 
temesis. Seven had a total of eight possible 
bleeding sites other than varices. 

Esophageal varices were found in eight. They 
were classed as moderate in five and mild in 
three. One-third of the organ was involved in 
four, one-half in one and two-thirds in three. The 
distal esophagus was most severely affected in all. 
No gastric varices were found during gastro- 
scopic examination of nine patients. 

Five of the patients with varices were exam- 
ined esophagoscopically more than once over 
periods of from nine days to one month, while 
under hospital treatment for chronic liver dis- 


teen males, aged nineteen to forty-three years, 
were examined. The possibility of homologous 
serum hepatitis existed in two. The examinations 
were made from seven days to five weeks after 
the onset of illness. Liver biopsies were typical in 
all. In addition, those from two patients showed 
fatty metamorphosis. None contained fibrosis. 
None of the patients had a history of recognized 
bleeding from the gastrointestinal tract. 
Although gastric varices could be found by 
gastroscopic examination in none, esophageal 
varices were present in eight. They were classed 
as mild in seven and moderate in one. The entire 
esophagus was involved in one, distal two-thirds 
in three, distal one-half in one and distal one- 
third in three. In all patients the varices were 
largest close to the esophagogastric junction. 
Esophagoscopic examination was repeated in 
two patients, eleven and twelve weeks after the 
first, when complete laboratory and clinical 
recovery had been attained. There was no change 
in the appearance of the varices in one, and in 
the other there was moderate improvement. 


AMERICAN JOURNAL OF MEDICINE 


Esophageal Varices in Non-cirrhotic Patients—Palmer, Brick 


Sarcoidosis. Four patients whose liver biopsy 
was positive for sarcoidosis but no other disease 
were examined. No varices were found. Two 
studied gastroscopically showed no _ gastric 
varices. One patient who had had a severe 
hemorrhage was found to have gastritis, and 
emergency gastric surgery revealed sarcoidosis of 
the stomach. 

Congenital Hemolytic Icterus. Two patients 
with the non-spherocytic form of this disease 
were studied because an unrelated circumstance 
had led to the esophagoscopic detection of varices 
in one. Three examinations of this patient over 
the course of five months showed stable mild 
varices involving the distal one-third of the 
organ. The other patient’s esophagus was nor- 
mal. Liver biopsy in both cases showed great 
amounts of pigment, without other alteration. 

Amebic Hepatitis. Two young men with the 
clinical diagnosis of amebic hepatitis were 
examined before therapy was instituted. Liver 
biopsy showed hepatic cell pleomorphism, tiny 
areas of focal necrosis and minor portal infiltra- 
tion. Gastroscopic examination of both and 
esophagoscopic examination of one were nor- 
mal. Three esophagoscopies over a seven-day 
interval in the other revealed stable mild varices 
of the distal three-quarters of the esophagus. The 
portal venous pressure was found to be 285 mm. 
of water. 


COMMENT 


Routine use of the esophagoscopic method for 
detection of varices promises to help elucidate 
the natural history of varices and of portal 
hypertension because it permits recognition of 
small and presumably early lesions. It can sup- 
ply information to fill the important hiatus be- 
tween inception and development of the very 
large, roentgenologically detectable lesion. In 
the present series only one of twenty-two cases of 
esophageal varices was detected by x-ray study. 
It has already been demonstrated that “‘small”’ 
varices may be important clinically.* 

There is suggestive evidence here that the 
native portacaval shunts across the gastro- 
esophageal junction are more readily available 
for portal use than has been suspected. Anatomic 
study of dead tissue has shown these connections 
normally to be present but by postmortem 
technics the vessels appear to be very small, as if 
they require prolonged venous demand before 
they can become varices. In the present study 
varices were encountered as soon as seven days 
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after the onset of acute hepatitis. Quite clearly, 
important information regarding the natural 
history of esophageal varices will accrue from 
esophagoscopic study of a large series of patients 
with acute hepatitic processes. 

Hemorrhage from esophageal varices must be 
considered a rare complication of chronic heart 
failure. The studies of Castberg® and others have 
shown that chronic passive congestion of the 
liver predisposes to deposition of connective 
tissue and at times to development of true cir- 
rhosis. In addition, fibrous vascular disease, 
limited largely to members of the hepatic vein 
system, constitutes a prominent pathologic 
feature. Autopsy studies have frequently shown 
varices in patients dying of chronic congestive 
failure. In one series of thirty-one instances of 
varices detected at autopsy, in seven there had 
been heart failure without other liver disease.’ 
In another autopsy study chronic heart disease 
was found to be the cause in five of 257 cases 
of varices.* The series of Weinberg’ showed an 
unexplained preponderance of heart disease as 
the major autopsy diagnosis associated with 
varices. 

There are practical reasons for omitting 
esophagoscopic examination during congestive 
failure, and the present series is very small. 
Nevertheless, the discovery of varices in four of 
seven patients is of considerable importance. The 
two who hemorrhaged massively constituted 
difficult treatment problems. One was found to 
have both a gastric and a duodenal ulcer in 
addition to the varices. In the other the bleeding 
was considered to have been of variceal origin, 
although it had stopped a few days before 
esophagoscopy could be performed. 

There is no ready explanation for the tendency 
toward maximum variceal involvement of the 
mid-esophagus in congestive failure. The tend- 
ency has not been noted in some autopsy 
studies’-* but it is questionable whether measure- 
ments of varix diameter at different levels after 
death is a valid means of judging the severity of 
the lesions as they existed during life. The 
mechanisms of portal hypertension in heart 
failure have been well discussed by Rack and 
colleagues.’ 

The case of hemolytic anemia and varices is 
difficult to understand in view of the liver biopsy 
findings. Hyman and Southworth’® have de- 
scribed eight hemolytic anemia patients with 


histologically proven liver disease—including 
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four with cirrhosis—but biopsies in the present 
patients showed only hemosiderosis. 

In order to understand inclusion of patients 
with hepatic sarcoidosis in the present series, one 
must refer to the paper of Mino and colleagues. '! 
They described a singularly important case of 
liver disease due to sarcoidosis and, although no 
mention was made of varices and although portal 
hypertension was not proved, histologic exam- 
ination of liver specimens showed a mechanism 
whereby sarcoidosis may cause serious inter- 
ference with intrahepatic portal flow. There was 
striking mural infiltration of several of the 
larger, apparently sublobular, veins by sarcoid 
granulomas. The result was encroachment upon 
the vein lumina. No varices were found in the 
four patients reported in the present series. 
Their liver biopsies had shown no apparent 
vein compression or direct involvement by 
granulomas. 


SUMMARY AND CONCLUSIONS 


1. Sixty-two patients with various histolog- 
ically proven liver diseases other than cirrhosis 
and without clinical suspicion of portal vein 
disease were studied esophagoscopically. Varices 
were found in four of seven patients with chronic 
heart failure, eight of fourteen with active virus 
hepatitis, one of two with hemolytic icterus, 
one of two with amebic hepatitis and in eight of 
twenty-four with simple portal fibrosis. Varices 
were not found in nine instances of fatty liver and 
in four of hepatic sarcoidosis. 

2. It is concluded from the observed inci- 
dence of varices in these non-cirrhotic diseases 
that the native portacaval anastomoses across the 
gastroesophageal junction may quickly respond 
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to an increase in portal pressure by developing 
into significant varices; that during the course of 
certain liver diseases, believed to be _ pre-cir- 
rhotic, varices may already have developed; and 
that the presence of such varices is not necessarily 
the explanation for observed hemorrhage. 
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LTHOUGH great strides have been made 
A in recent years in the therapy of para- 
plegia, several problems still remain. 
Outstanding among these are the development 
of disuse osteoporosis and the presence of large 
amounts of calcium in the urine, the latter 
condition often contributing to the formation of 
urinary calculi. Since these metabolic disturb- 
ances play a significant part in the morbidity 
and sometimes in the mortality rates of para- 
plegic patients, any practical procedure which 
would alter these metabolic disturbances for the 
better would be an important step in the therapy 
of these patients. 

The metabolic changes in paraplegic patients 
have been investigated in great detail in recent 
years, and much has been learned by investiga- 
tion into the alterations in metabolism of normal 
immobilized subjects as well as those which 
follow various forms of trauma. We shall review 
very briefly the highlights of these investigations; 
for a detailed review of the subject the reader is 
referred to the articles previously published by 
the authors.' As regards protein metabolism, 
the paraplegic patient does not differ signifi- 
cantly from any individual who has undergone a 
severe operation or has had an accident, in that 
he shows the “catabolic response,’ a marked 
urinary loss of nitrogen independent of nitrogen 
intake for a variable period after the stress. 
Cooper et al.*? report that the nitrogen loss lasts 
longer than in other forms of trauma, as long as 
six months. In addition, many patients are re- 
ported to have hypoproteinemia. This greater 
protein loss might be due to the presence of 
decubitus ulcers and to mental depression asso- 
ciated with poor appetite. Similar qualitative 
but less marked quantitative changes have been 


Montreal, Quebec 


shown by Deitrick et al.* following the im- 
mobilization of normal individuals. 

Howard et al.* have demonstrated a marked 
increase in urinary calcium in patients with 
fractures of the femur and following osteotomy. 
Deitrick et al. showed similar but lesser changes 
with immobilization alone. In Howard s cases 
there was a steady rise in calcium excretion, 
reaching a plateau in one month and returning 
to normal only upon ambulation. Freeman® 
found that paraplegic patients showed a very 
similar phenomenon and he emphasized the 
point that the hypercalcinuria recedes only upon 
ambulation. 

Somewhat similar changes have been ob- 
served in regard to phosphorus metabolism but 
these are less marked and less constant than the 
protein and calcium alterations. 

The negative calcium balance results fre- 
quently in disuse osteoporosis affecting the 
lower extremities. The incidence of this condi- 
tion in paraplegia has been reported variously 
from 30 to 60 per cent; in some patients the 
osteoporosis appears to contribute to fractures 
since these often occur with minimal trauma. 

While modern urologic procedures such as 
tidal drainage have reduced the frequency of 
urinary calculi to a considerable degree, recent 
figures, quoted in previous articles,’ show that 
the problem is still a serious one especially when 
the calculi form above the bladder. 

The endocrine glands have been investigated 
by several observers, who have found gyneco- 
mastia, testicular atrophy, low 17-ketosteroid 
excretion and low basal metabolic rates. 

It is well known that the vasomotor system of 
paraplegic individuals is unstable, especially in 


the paralyzed extremities, and this instability 


* From the Clinical Investigation Unit, Queen Mary Veterans Hospital, Montreal, Quebec. 
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often causes difficulties at the time of ambulation, 
syncope frequently occurring and petechiae of 
the feet often causing concern to both physician 
and patient. 


AIM OF STUDY 


Since ambulation appears to be the key to 
restoration to normal of many metabolic and 
physiologic abnormalities following immobiliza- 
tion, the aim of the study was to attempt certain 
procedures which would imitate ambulation 
while the patient was still bedridden. It was 
hoped that in this manner the disuse osteoporosis 
and resultant hypercalcinuria, with its conse- 
quent role in the formation of urinary calculi 
in paraplegic patients, could be prevented or at 
least ameliorated. 

The rationale of this procedure was that 
ambulation creates certain ill defined stresses 
and strains on the immobilized bones which 
would otherwise be lacking; it was postulated 
that one or more of three mechanisms might be 
involved: (1) weight-bearing through the long 
bones of the lower extremities; (2) pulls and 
stresses on muscular attachments to bone by 
muscle contractions; (3) circulatory changes in 
the lower extremities. Any one or combinations 
of these factors might play a role in stimulating 
normal osteoblastic activity. Since muscle pull 
is absent in flaccid paralysis, attention was 
focussed on the other two mechanisms. 


PROCEDURES 


The Sanders Oscillating Bed. The first method 
of imitating ambulation was by means of the 
oscillating bed which has been shown by Whe- 
don et al.'* to modify the metabolic changes of 
immobilization per se, as well as some of the 
physiologic alterations. Although these workers 
thought that weight-bearing played a major part 
in this effect, we believed that little more than 
20 per cent of the body weight would be borne 
through the lower extremities, and then only at 
the lowest point of the oscillation. It would ap- 
pear more likely that circulatory changes con- 
stitute the important factor in the effect of the 
bed. 

The oscillating bed was used in four of the 
five cases studied, the bed being in motion for 
eight hours a day. It was set so as to travel from 
the horizontal position to 21 degrees below the 
horizontal plane with the foot of the bed down, 
a complete cycle taking one minute and twenty 
seconds. All patients adapted themselves very 


rapidly to the motion of the bed, and most rather 
enjoyed its motion. 

The Tilt Table. If weight-bearing through 
the lower extremities rather than changes in 
circulation is the main factor in producing 
stresses and strains on bone, a more direct 
method of producing such weight-bearing than 
that allowed by the oscillating bed seemed more 
desirable. The most simple, safe and practical 
method of producing such weight-bearing ap- 
peared to us to be the use of a tilt table, al- 
though several other means are possible, e.g., 
application of traction to the lower extremities 
or the attachment of wooden supports to a 
Stryker frame and then tilting it,® or the recently 
reported method by Covalt et al.’ of placing the 
patient on a board, strapping him to it and then 
standing the board up at the edge of the bed. 
While simple tilt tables may be readily devised, 
we had at our disposal an old fluoroscopy table 
which could be cranked manually and which 
was kept on the ward. The technic of getting 
the paraplegic patient into the upright posture 
on the tilt table is not difficult, and after the first 
time requires only the aid of a trained orderly 
since the patient is able to help considerably. 
Before the patient is placed on the table, poste- 
rior splints padded with felt are applied to his 
lower limbs, being held in place by crepe 
bandages into which is incorporated an elastic 
strap to support the foot. By this technic the 
knees are prevented from flexing while the feet 
are held at right angles to the legs. The patient 
is then placed on the table with the feet against 
the foot-board, an abdominal binder is secured 
about the upper abdomen, a crepe bandage is 
placed around the knees and the table is then 
cranked into the upright posture. A bar is 
available for the patient to grasp for support, 
although this is usually not necessary, as will 
be seen in Figure 1. This method produces the 
bearing of 95 per cent of the patient’s weight 
through the lower extremities if he does not hold 
onto the bar, and 90 per cent if he leans on the 
bar. 

All five of our patients were placed on the tilt 
table, all starting with five minutes in the up- 
right position twice a day and gradually building 
up the length of time on the table, the maximum 
being in the fifth patient who was up as long 
as one hour and fifty minutes per day. The 
period on the tilt table was always divided into 
two parts, once in the morning, and once after 
lunch. Blood pressure and pulse were taken 
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Fic. 1. The tilt table in upright position. 


every five minutes in the first two weeks on the 
table. 

All patients tolerated the upright posture 
well, although there was a tendency to dizziness 
if fever and malaise due to urinary “‘flare-ups”’ 
were present. It was believed that the period of 
time spent on the oscillating bed prior to being 
placed on the tilt table lessened the tendency to 
syncope. No outright syncope occurred in any 
patient. All patients showed small petechiae of 
the feet and ankles in the first week on the table 
but these rapidly disappeared. Color of the legs 
appeared to improve after the study had been 
carried on for a week. 


PROTOCOL 


Length of Study. ‘The planned length of study 
was forty-eight days, divided into three periods. 
First, there was a control period of twelve days 
in which the patient was in bed receiving 
physiotherapy in most cases, consisting of 
passive movements of the lower extremities and 
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active movements of the arms. In addition, 
throughout the study routine ward procedures, 
such as turning the patient every two hours 
night and day, irrigation of the bladder with 
Solution G (citric acid-sodium citrate solution) 
twice daily and changing the indwelling cath- 
eter once a week, were carried out. After the 
control period a twelve-day period on the oscil- 
lating bed followed, and finally a period of 
twenty-four days on the tilt table. 

However, only two of the five patients fol- 
lowed this plan of study. The first patient 
(M. L.), a “pilot” case, had a control period of 
twenty days in which the effects of altering the 
diet, physiotherapy, moving in a wheelchair and 
plastic repair of decubitus ulcers were carried 
out. Twenty days were spent on the oscillating 
bed and twenty-five days on the tilt table. The 
third patient (A. S.), whose paraplegia had 
been present for only one week, was placed on 
the tilt table immediately, the oscillating bed 
not being used; he was on the table for twenty- 
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six days and was followed up for twelve days 
after this, on bedrest alone. The fourth patient 
(K. B.) had his study interrupted for nine days 
at the completion of the oscillating bed period 
due to the occurrence of a febrile episode re- 
sulting from pyelonephritis. Otherwise his study 
was Carried out according to plan. 

Diet. Prior to starting the study the patients 
were interviewed by the dietitian and a diet was 
outlined, the carbohydrate and fat being as 
close to the patients’ previous eating habits as 
possible. An attempt was made to use a rotating 
diet but this was not often possible due to the 
heavy strain on laboratory facilities. The cal- 
cium and nitrogen intakes were analyzed: the 
phosphorus intake was calculated only. When 
the analyzed results were received from the 
laboratory, the difference between calculated 
and analyzed levels was met either by subtract- 
ing the excess calcium or by adding the needed 
calcium in the form of calcium chloride. This 
added calcium ranged from 0 to 300 mg. per 
day. The phosphorus levels were kept constant 
by the addition of monobasic sodium phosphate. 
The first patient, our “‘pilot’’ case, was on a 
calculated diet only. The daily calcium intake 
was around 1,100 to 1,200 mg., with slight 
variations between patients and in some there 
were swings due to refusal of food. Phosphorus 
intakes varied, the majority being fixed at 2,275 
mg./day. Some were as low as 1,270 to 1,490 
mg./day. An attempt was made in all patients 
except the first to maintain a high protein in- 
take so that sufficient “nitrogenous building 
blocks’”” would be available when and if the 
osteoblasts were stimulated. This attempt was 
fairly successful, all patients but the first being 
maintained for most of the time at a level above 
20 gm. of nitrogen per day. Fat intakes aver- 
aged 137 gm./day, and carbohydrate intake 
varied from 340 to 178 gm./day. Individual 
intakes are listed in the section on results. It 
was attempted to keep fluid intakes high, up to 
4,000 cc. per day. 

An aliquot of each diet was sent to the labora- 
tory for analysis of calcium and nitrogen con- 
tent and adjusted as described. The patients 
were required to eat everything on the trays; 
but if there were returns, these were sent to the 
laboratory for analysis. 

Biochemical Determinations. The urine was 
collected via an indwelling catheter into a 
bottle kept on ice. Three-day pools were 
analyzed for calcium by the method of Clark and 


Collip,* phosphorus by the method of Gomori,® 
nitrogen by the micro-Kjeldahl method, and 
creatinine. Stool was obtained once each morn- 
ing by rectal touch, sometimes aided by the 
oral administration of licorice powder or liquid 
paraffin and rarely by the intramuscular injec- 
tion of 1-2 cc. of prostigmine. Stool was pooled 
every three days at first but shortly thereafter 
six-day pools were collected. Calcium deter- 
minations of the stool were carried out according 
to the method of Corley and Denis.'® A marker 
of 0.6 gm. carmine alum lake was given by 
mouth at 6 P.M. of the last day of each period, 
the first red stool being added to that period. 
In each period one or more determinations of 
serum calcium, phosphorus, alkaline phospha- 
tase, urea nitrogen, albumin and globulin were 
performed. One determination of the 17-keto- 
steroid level according to the method of Callow 
et al.'' was carried out on a three-day pooled 
urine in each period in some of the subjects. 
Basal metabolic rates, urine cultures, Mosenthal 
tests, phenolsulfonphthalein and urea clearance 
tests were performed at the end of each period 
in three subjects. Routine urinalysis was carried 
out every three days in all patients. 

Several sources of error in collection and 
estimation were obvious. One of the major 
difficulties was the proper collection of stool: 
this was often an impossibility due to involun- 
tary movements. Loss of nitrogen via weeping 
decubitus ulcers was anticipated but none of the 
patients studied in regard to nitrogen metabo- 
lism had decubitus ulcers, with the exception of 
two patients, (M. L.) whose trochanteric ulcers 
were covered with skin flaps during the study 
and (K. B.) who had a small superficial sacral 
ulcer which exuded very little serum. A rather 
serious difficulty that presented itself was the 
state of the calcium in the urine. A certain 
percentage is present in the sediment so that if 
one does not shake the specimen prior to pipet- 
ting off the aliquot, some calcium will be lost, 
while if it is shaken an uneven distribution of 
particles may occur. This difficulty might be 
overcome by acidifying or by adding hyaluroni- 
dase to the urine but then calculi would be dis- 
solved as well as the sediment, resulting in 
sudden high peaks. We were unable to find a 
length of time at which the sediment was dis- 
solved while the stones were not. After experi- 
menting with acidified and non-acidified urine, 
we concluded that the best technic which 
would give the most consistent, if not the highest 
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results, was to shake non-acidified urine in a 
constant manner for one minute, then let the 
specimen settle for five minutes, giving the 
larger particles opportunity to settle down, and 
then pipetting the aliquot. Another source of 
error could be the presence of calcium phos- 
phate encrustations on the catheter tip. We 
found that these do not constitute a significant 
source of error since encrustations representing 
one week contained only 5-10 mg. of calcium, 
the majority of the encrustations consisting of 
organic matter. 

X-rays. X-rays of the long bones of the 
lower extremities were taken at the beginning 
and end of study, using an aluminum densitom- 
eter for comparison. While it was realized that 
this gave only a crude indication of changes in 
bone density, it appeared to be the only prac- 
tical method of corroborating the calcium bal- 
ance studies since radioactive strontium and 
calcium are not applicable to human study. 
The possibility of using the intravenous calcium 
test described by Schilling and Lazlo'* was 
considered but in view of the already elevated 
urinary calcium excretion in paraplegics the 
test seemed impractical. Flat plates of the kid- 
neys, ureters and bladder were also taken at 
onset and finish of studies to search for changes in 
calculi present or the appearance of new 
calculi. 

Subjects. Eight patients were studied of 
whom three were discontinued shortly after 
the start of studies as they were unsuitable. Of 
these three, one was a fifty-seven year old male 
in whom “hysterical”? paraplegia had devel- 
oped, in that he had voluntarily remained in 
bed for twelve years following low back pain 
from osteoarthritis of the spine and the pro- 
longed bedrest had brought about marked 
disuse atrophy of the lower extremities; his 
study was discontinued because he was ex- 
creting very low amounts of calcium in the 
urine, of the order of 50 mg. per twenty-four 
hours. The second discontinued case was a 
twenty-six year old traumatic paraplegic patient 
who was unable to cooperate in regard to diet, 
while the third was a fifty year old man who 
was immobilized in a body spica for osteo- 
arthritis of the hips. He was also discontinued 
due to inability to cooperate. Of the remaining 
five patients all had paraplegia resulting from 
trauma in three, transverse myelitis in one and 
extradural metastasis of bronchial carcinoma 
in another. All were males, with ages ranging 
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from twenty-six to forty-one years. The level 
of the lesion in the three traumatic cases was 
D11-12, the others being at D6-7 and D8, 
respectively. The duration of the paraplegia 
prior to beginning the study varied from one 
week to thirteen months. Case histories of the 
patients studied are as follows. 


CASE REPORTS 


Case 1. M. L., a thirty-five year old man, 
fell from a tree and sustained a fracture-disloca- 
tion at D11-12, with complete flaccid para- 
plegia and loss of bladder and bowel functions 
thirteen months before study. He also sustained 
a skull fracture and was unconscious for one 
week following injury. Laminectomy, reduction 
and decompression of the spinal fracture were 
performed on the day of injury. Spinal fusion 
was Carried out but due to poor cooperation on 
the part of the patient the bone fragments 
became angulated and subsequently large tro- 
chanteric decubiti developed, which became 
infected. The bladder was emptied by manual 
compression. On admission an indwelling cath- 
eter was inserted and during the course of study 
plastic surgery was performed on the ulcers 
after infection had been combatted. The pa- 
tient had been sitting in a chair at home prior 
to admission but this was discontinued due to 
the presence of the decubitus ulcers. Nutrition 
had been poor and plasma proteins were low. 

Case ul. H. J., a thirty-two year old man, 
sustained a fracture-dislocation at D11-12 fol- 
lowing trauma caused by a telephone pole falling 
on his back four months prior to study. Com- 
plete flaccid paralysis below the lesion occurred 
following the trauma. He was treated by appli- 
cation of a plaster cast. A retention catheter was 
inserted and the patient was still dependent 
upon this form of drainage at time of study. A 
slight amount of spasm of the lower extremities 
was present and a small deep sacral ulcer and 
one superficial ulcer over the right anterior 
iliac spine were noted, but these were almost 
completely healed at time of study. 

Case m1. A. S., a forty-one year old man, 
developed chest pain mainly on the left side 
posteriorly, and a cough productive of yellowish 
mucoid sputum without fever for nine days 
prior to admission. Physical examination of the 
chest revealed increased breath sounds over the 
left upper chest anteriorly. Chest x-rays and 
tomograms revealed an area of increased den- 


sity, homogeneous in appearance, occupying 
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Fic. 2B. Urinary calcium excretion in two additional paraplegic patients, showing the effect of oscillating bed and 


tilt table. 


the left upper lung field and a smaller mass near 
the left hilus. Bronchoscopic examination was 
unsuccessful. A lung needle biopsy from the 
affected area revealed undifferentiated neo- 
plastic cells. The patient, who was schizophrenic, 
refused operation. Three weeks after admission, 
over a three-day period, a complete flaccid 
paraplegia gradually developed below D8; 
examination of the cerebrospinal fluid was non- 
contributory and x-rays of the spine did not 
reveal any evidence of an osteolytic lesion. The 
patient was studied beginning one week after 
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the onset of the paraplegia. During the study 
he lost weight, his appetite decreased and his 
condition gradually deteriorated. He died ten 
weeks after the onset of the paraplegia and 
autopsy confirmed the clinical diagnosis, an 
epidermoid type of bronchial carcinoma of the 
left upper lobe being found, with an extradural 
metastasis at D8. 

Case tv. K. B., a thirty year old man, de- 


veloped gradual weakness and numbness first 
of the right leg, then of the left, accompanied 
by backache. At the end of one week both legs 
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were paralyzed and the numbness had ex- 
tended to the epigastrium. Physical examination 
revealed angiomatosis of the left fundus, flaccid 
paresis and absent reflexes of the lower ex- 
tremities with absence of sensation below D6-7. 
Bladder and rectal sphincter controls were lost. 
Laminectomy was performed, revealing a uni- 
form swelling of the cord at this level in keeping 
with a transverse myelitis. Serologic and spinal 
fluid examinations for syphilis were negative, 
and no other specific infection could be dis- 
covered. The early cerebrospinal fluid findings, 
together with the clinical picture, were sugges- 
tive of an acute necrotic myelopathy. There 
was no recovery of function at any time. The 
patient was studied two months after onset of 
illness. 

Case v. L. B., a twenty-six year old man, 
was injured in a mine accident, which caused a 
fracture-dislocation at D11 and D12 with flaccid 
paraplegia and loss of sensation below that 
level. Open reduction of the fracture with 
internal fixation was carried out shortly after 
the injury. The patient was studied one month 
after the accident. During the study there was 
development of some moderate spasticity of 
the lower extremities, and there was also some 
return of voluntary motor power in the left leg. 


RESULTS 


A. Effect on Calcium Metabolism. The effects 
of paraplegia in calcium metabolism and the 
attempts to modify them by the use of the oscil- 
lating bed and tilt table will be seen in Figures 
2 to 4. 

1. Urinary calcium: (a) Initial levels: All con- 
trol values were well above normal, the average 
being 300, 500, 500, 400 and 300 mg. per 
twenty-four hours, respectively, in the five 
subjects. The first patient, M. L., during his 
control study was given physiotherapy and 
allowed to sit in a wheelchair; he was given a 
variable diet to ascertain his average intake. 
There was no constant parallel between the 
calcium intake and urinary excretion of cal- 
cium. However, on the day of operation, when 
the calcium intake was limited to 131 mg., the 
output for that day was the lowest during the 
study, 115 mg. Daily urine collections rather 
than three-day pools were estimated in this 
patient. 

(6) Levels on oscillating bed: In patients 
M. L., H. J. and L. B. no change in urinary 
levels were noted during the period on the oscil- 
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lating bed. In one patient (K. B.), however, 
there was a steady gradual decrease in excretion 
while on the bed, from 515 mg. per twenty-four 
hours to 307 mg. per twenty-four hours. The 
day after the oscillating bed period had ended 
pyrexia suddenly developed in this patient and 
there was evidence of pyelonephritis which was 
treated with penicillin and streptomycin. During 
the acute febrile period the urinary calcium fell 
to only 77 mg. per twenty-four hours; the calcu- 
lated intake for this period was also lower than 
his usual analyzed intake and he was removed 
from his diet for the nine days following onset 
of the pyrexia, during which time the urine 
calcium continued its gradual progression 
downward noted in the oscillating bed period. 
One patient (A. S.) was not placed on the 
oscillating bed. 

(c) Levels on the tilt table: There was a 
variable response to the ult table. One patient 
(M. L.) showed a slight rise in urinary calcium 
excretion, two (A. S. and L. B.) showed no 
significant change while another (H. J.) showed 
a sudden drop to almost normal levels after one 
week on the table, i.e., just when he had reached 
his maximum time on the table. This drop was 
maintained for six days, then gradually rose to 
higher values but not quite as high as control 
levels. As already mentioned, A. S. was placed 
on the tilt table at the onset of studies. This was 
done to study the effect of the table on para- 
plegia in its earliest stages: it will be recalled 
that the patient had been paraplegic for only 
one week. Even at this early date the urinary 
calcium had risen to very high levels (400-500 
mg. per twenty-four hours), and on one three- 
day period rose to a peak of 735 mg. per twenty- 
four hours. The tilt table did not appear to alter 
this hypercalcinuria since the urinary levels 
remained constant for ten days after the tilt 
table had been discontinued. 

2. Stool calcium: The difficulties of accurate 
estimation of calcium in feces are well known. 
An additional difficulty was encountered in 
paraplegic patients due to the frequency of 
involuntary bowel movements. Three-day pools 
were collected in the earlier part of the study 
but later six-day pools were instituted in an 
attempt to avoid the wide swings. In general, 
calcium excretion in the stool followed the 
intake, as is well shown in Figure 3. No definite 
effects on the oscillating bed or tilt table were 
noted. To conserve space, only one chart is 
shown. 
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3. Calcium balance (a) Initial levels: Strangely, 
three patients (M. L., K. B. and A. S.) were in 
positive balance in the control period, M. L. 
showing a retention of up to 500 mg./day. It 
will be recalled that this patient was the only 
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period of positive balance also in the control 
period. L. B. also showed a brief period of 
positive calcium balance on the tilt table but 


this was related to a period of reduced intake 
and more markedly reduced fecal excretion. 
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one in this study whose lesion had been present | 


for a considerable length of time (thirteen 
months). K. B. also showed a positive balance 
initially but this rapidly fell to equilibrium and 
to negative balance; it was believed that the 
initially high balance was due to poor stool 
collection at that time. The same fault probably 
accounts for the initially marked positive bal- 
ance in A. S. H. J. showed a considerable swing 
in balance during the control study, being in 
positive balance in the middle of the period and 
in negative balance for the remainder; this 
corresponded to swings in stool levels. L. B. was 
in steady negative balance, of the order of — 300 
mg./day, throughout the control period. 

(6) Balance on oscillating bed: No effect on 
calcium balance was noted in three of the four 
patients. In one (K. B.), however, there was a 
period of positive balance for most of the time 
on the oscillating bed and this was partly 
related to decreased urinary excretion. 

(c) Balance on tilt table: In H. J.’s study there 
was a six-day period of positive balance related 
to lowered urinary excretion of calcium on the 
tilt table; however, the patient had shown a 
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The other three patients showed no definite 
trend. (Fig. 4.) 

B. Effect on Phosphorus Metabolism (Fig. 5). 
The effects of the tilt table on the urinary phos- 
phorus level are noted in Figure 5. (The chart of 
only one patient, A. S., is shown.) Of the four pa- 
tients studied, all were kept on a calculated 
intake of 2,275 mg. phosphorus per day with a 
minor variation only, except in K. B. who 
showed several lower values due to returned 
food. Neither the oscillating bed nor the tilt 
table showed any decided effect on urinary 
phosphorus excretion, except for one patient 
(A. S.) in whom the tilt table period was accom- 
panied by a significant gradual fall in urine 
phosphorus (from 1,620 to 1,100) on a constant 
intake. This appeared to be all the more sig- 
nificant since the urinary phosphorus rose after 
a discontinuation of the tilt table. In the other 
patients, however, no such correlation could 
be found. 

CC. Effect on Nitrogen Balance (Fig. 6). The 
nitrogen intakes and urinary nitrogen excretions 
on the four patients studied are charted in 
Fig. 6. All patients were maintained on a high 
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Fic. 4B 
Fic. 4B. Calcium balances in two additional paraplegic patients, showing effect of oscillating bed and tilt table. 


nitrogen intake well above 20 gm. per day in 
most instances. K. B. and L. B. were in nitrogen 
equilibrium for the greater part of the time, 
even though their injuries were only of two and 
one months duration, respectively. H. J., whose 
injury had occurred four months previously, 
was in positive balance while A. S., with para- 
plegia of one week’s duration, was in marked 
negative nitrogen balance. The urinary outputs 
regularly followed the level of intake, as is well 
demonstrated in A. S. The oscillating bed and 
tilt table did not affect the urinary excretion of 
nitrogen to any significant degree. 

D. Effect on Plasma Proteins. Numerous 
plasma protein levels were estimated during 


NOVEMBER, 1954 


each phase of study. The first patient, M. L., 
with paraplegia of thirteen months’ duration 
and a history of poor nutrition and bedsores, 
was the only one to have a low total plasma 
protein with depressed albumin and elevated 
globulin. This hypoproteinemia was not af- 
fected by the oscillating bed or tilt table. A. S., 
the patient with carcinoma who showed a nega- 
tive nitrogen balance, also demonstrated a 
gradual fall in plasma albumin levels. The other 
patients failed to show any abnormalities or 
change on the oscillating bed or tilt table. 

E. Effect on Serum Calcium, Phosphorus and 
Alkaline Phosphatase. All patients had a normal 
serum calcium, initially and throughout the 
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study. Initial serum phosphorus levels were 
within the normal range with a tendency in all 
subjects for higher levels, some slightly above the 
normal upper limit by the end of the study. The 
alkaline phosphatase was normal throughout in 


variation in 17-ketosteroid levels. All patients 
at one time or another showed low values (5.2, 
3.7, 10.0 mg. per twenty-four hours). None of 
the patients showed signs of gynecomastia or 
testicular atrophy. 
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Fic. 5. Urinary phosphorus excretion in a paraplegic patient. 


three of four patients studied; in the fourth 
(A. S.), who was dying from metastatic carci- 
noma, the alkaline phosphatase rose rapidly 
from normal levels initially to values up to 12.5 
units. 

F. Effect on Renal Function Tests. The re- 
sults of phenolsulfonphthalein, urea clearance, 
Mosenthal and blood urea nitrogen tests were 
not remarkable. Only three of the five patients 
were studied in regard to renal function and all 
of these showed normal phenolsulfonphthalein 
and urea clearance tests, while two showed 
slight impairment of renal concentrating power 
as determined by the Mosenthal test. The blood 
urea nitrogen was normal in all four patients 
studied at all times. 

G. Effect on Basal Metabolic Rate. The three 
patients studied were within the normal range 
of basal metabolic rate, except for — 13 per cent 
on tilt table (H. J.) and —16.5 per cent on the 
oscillating bed (K. B.). These variations did 
not appear to be significant. 

H. Effect on Urinary 17-Ketosteroids. In all 
three patients followed there was considerable 


I. Effect on Urine Culture. All the subjects 
showed constantly heavy growths of various 
organisms in their urines, consisting of Bacillus 
proteus and Aerobacter aerogenes in all cases. 
In addition, moderate or light growths of 
Staphylococcus pyogenes, Bacillus coli, Bacillus 
paracolon and enterococcus were encountered. 
In K. B., during his acute febrile episode, a 
light growth of B. coli, indifferent streptococci 
and A. aerogenes was found. Most organisms 
were relatively insensitive to aureomycin, terra- 
mycin and streptomycin in vitro. 

J. Effect on Radtologic Picture. 1. Osteoporosis: 
M. L. had definite radiographic evidence of 
osteoporosis of the lower extremities at the 
start of his study, thirteen months after injury. 
At the completion of his period of study there 
was no change in the degree of osteoporosis as 
measured by the densitometer. H. J. also had 
slight osteoporosis on starting studies and, in 
spite of the lowered urinary calcium excretion 
on the tilt table, the osteoporosis appeared to 
have definitely increased during the study. 
K. B., who on starting the study showed slight 


AMERICAN JOURNAL OF MEDICINE 


PHOSPHORUS 
3 
urinary | 
PHOSPHORUS "75 
(NGHASHRS) 60. 
+ 
mr 
TABLE 
AY) 


Effects of Oscillating Bed and Tilt Table in Paraplegia— Wyse, Pattee 


osteoporosis at the lower ends of the tibia, was 
found to have bone atrophy developing in the 
mid-shaft of the tibia and, at the end of the 
study, progression of the process around the 
joint. L. B. showed no osteoporosis before or 
after the oscillating bed and tilt table. X-rays 
of A. S. were not satisfactory. Thus three of the 
four patients showed radiographic evidence of 
osteoporosis initially, and in two of these there 
was further progression, while in the third 
there was no apparent change. 

2. Renal and bladder calculi: Patients M. L., 
K. B. and L. B. showed no evidence of calculi 
on X-ray examination during their studies. 
H. J. had one large and several smaller bladder 
but no renal calculi at the start of the study; 
x-rays at the end of the study period showed 
that the smaller stones had disappeared or had 
been passed while the large calculus was smaller, 
in spite of progressive changes in the long bones 
noted previously. 


COMMENTS AND CONCLUSIONS 


The results described would indicate that the 
metabolic alterations which occur following 
paraplegia cannot be ameliorated or prevented 
by imitation of ambulation by the oscillating 
bed or the upright posture (by means of the tilt 
table) when carried out as indicated. 

In regard to calcium metabolism the oscillat- 
ing bed used for a twelve-day period failed to 
alter the negative calcium balance, except in 
one patient (K. B.) in whom the relationship 
of the fall in urinary calcium to the use of the 
bed may have been coincidental. This negative 
response must be compared with the significant 
results in the subjects described by Whedon 
et al.'* Since their subjects were immobilized 
individuals who were otherwise in good health, 
it may well be that the added factors of trauma 
and paralysis in our patients contributed to the 
negative calcium balance in a quantitative or 
qualitative manner so that the oscillating bed 
was unable to exert any significant effect under 
these more severe circumstances. In addition, 
these investigators placed their subjects on the 
bed for five or six weeks, while our patients were 
so treated for only twelve days with the excep- 
tion of M. L., whose period on the bed was 
double that length of time. This might account 
for the failure of response, although Whedon’s 
subjects showed an effect after one week. 
Another difference lies in the fact that these 
investigators placed their patients on the oscil- 
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lating bed immediately upon immobilizing 
them, while our subjects had been immobilized 
for at least one month. It is reasonable to con- 
clude that more profound changes were per- 
mitted to occur in our subjects before the use 
of the bed than were allowed in their subjects, 
which might well account for our failure to 
produce an effect with the bed. 

The results on the tilt table were no more en- 
couraging than those on the oscillating bed. As 
has been mentioned, one patient (H. J.) showed 
a sharp fall in urinary excretion after six days 
on the tilt table, at a point when the maximum 
time on the table had been reached, but he 
failed to maintain this lowered, almost normal 
level for more than six days although his over- 
all calcium balance on the table was less nega- 
tive than during the control or oscillating bed 
periods. The significance of this fall is lessened 
perhaps by the fact that x-rays showed progres- 
sion of the osteoporotic process rather than a 
regression. Another patient (K. B.) also showed 
low, almost normal levels of urinary calcium 
excretion on the tilt table but this had occurred 
while on the oscillating bed and particularly 
during the pyrexic period due to pyelonephritis. 
It should be pointed out that this marked reduc- 
tion in both calcium and phosphorus excretion 
at the time of fever was not accompanied by any 
reduction in urinary volume. This patient also 
showed radiographic evidence of progres-ion of 
osteoporosis of the lower extremities during his | 
period of study. Particularly significant was the 
failure of the tilt table when used as early as 
one week after the onset of paraplegia in one 
individual (A. S.) to alter the already present 
hypercalcinuria. The failure of any response to 
this form of activity was emphasized by the fact 
that no change occurred in the urinary calcium 
excretion in this patient after the tilt table was 
discontinued. It might therefore be concluded 
that weight-bearing through the immobilized 
bones, when carried out in such patients for 
periods up to two hours per day, is ineffective 
in significantly altering the hypercalcinuria. 
This failure may perhaps be due to insufficient 
time of weight-bearing; however, it is not 
practical from the point of view of the nursing 
staff or patients to carry out this procedure for 
much longer periods each day. 

Our results indicate that fecal calcium deter- 
minations are somewhat unreliable and that, 
as a result, the calcium balance is not as sig- 
nificant as the urinary calcium excretion in 
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determining the state of calcium metabolism. 
However, we were struck by the presence of a 
positive calcium balance in several of our pa- 
tients, even when excreting excess amounts of 
calcium in the urine. This was most striking in 
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mobilized, eventually manage to compensate 
for their previous negative balance by retaining 
more of their ingested calcium than they would 
normally. This might be effected by a mecha- 
nism of increased gastrointestinal absorption. 
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M. L. whose lesion was the oldest (a little over 
one year) of any of those studied. He remained 
in positive balance for most of his study, 
although excreting some 300-350 mg./day of 
calcium in his urine. It might be postulated 
that such patients, even though still quite im- 


The observation that hypercalcinuria can occur 
in the presence of a positive balance seems to 
throw some doubt on the generally accepted 
assumption that hypercalcinuria in the im- 
mobilized individual is merely a reflection of 
depressed osteoblastic activity and/or increased 
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osteoclastic activity. The hypercalcinuria under 
these circumstances might be explained on the 
basis of a renal factor, e.g., a failure of reabsorp- 
tion of calcium by the renal tubular epithelium. 
More detailed study of renal tubular function 
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While some authors quoted in the review of 
the literature are of the opinion that nitrogen 
balance remains in a negative status for several 
months after cord injury, we were struck by our 
findings of equilibrium and even sometimes 
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in such a patient would help to elucidate this 
question. 

The effect of the oscillating bed and tilt 
table on urinary phosphorus excretion was not 
notable with the exception of A. S. who, how- 
ever, was also showing a progressive fall in 
nitrogen intake and excretion as well as a 
considerable loss of weight, since he was dying 
as a result of the neoplastic process present. 


NOVEMBER, 1954 


positive balance in three of the four patients 
studied. The only patient to show a marked 
negative balance was the subject with bronchial 
carcinoma; the presence of neoplasm would 
explain this protein loss readily. It would thus 
appear that paraplegic patients who have 
received adequate nutrition and who have few 
or no decubitus ulcers do not show any deviation 
from the catabolic response seen in other 
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injured or stressed individuals, attaining equilib- 
rium or positive balance (anabolic phase) as 
soon as one month following injury. It is like- 
wise evident that plasma protein levels remain 
within normal limits, except when there has 
been a history of poor nutrition as occurred in 
M. L. The oscillating bed and tilt table failed 
to affect nitrogen metabolism either favorably 
or unfavorably. 

The observations of other investigators that 
serum calcium, phosphorus and alkaline phos- 
phatase levels remain normal in paraplegia 
were confirmed in our study. The only deviation 
from normal was an elevated alkaline phos- 
phatase in the patient with bronchial neoplasm, 
in whom such a rise might well be anticipated. 
Even though there was no gross evidence of 
liver or skeletal metastases, one must assume 
the presence of one or the other process in this 
individual. | 

The three patients studied in regard to renal 
function showed no abnormalities of the kidney 
other than slight albuminuria and a few white 
cells, and in one patient a bout of pyelonephritis. 
Since all these patients had been paraplegic for 
relatively short times, one might assume that 
measurable damage to the kidneys does not 
occur until later in the condition. The bacilluria 
is readily explainable on the basis of indwelling 
catheterization. 

Studies of the basal metabolic rate did not 
reveal any significant abnormality. 

The urinary 17-ketosteroid excretion was 
normal in the three patients studied except for 
one single low level in two and three low levels 
in one subject. Since none of the subjects showed 
evidence of the “‘demasculinization syndrome” 
clinically, and since the lower 17-ketosteroid 
levels were not constant features, these findings 
were not considered to be significant. 

This study seems to indicate that in paraplegic 
patients the mechanisms responsible for the 
disuse osteoporosis would not appear to involve 
the lack of direct weight-bearing or circulatory 
changes in the lower extremities. Were such 
mechanisms primarily involved, one would 
expect to see more significant reduction of the 
urinary calcium excretion and perhaps some 
evidence of halting of demineralization when 
the tilt table or oscillating bed was employed. 
Of course, such a statement must always be 
qualified by consideration of the time factor 
and it is possible that these same procedures, 
when used for longer periods of time per day, 


might prove effective in this regard. However, 
we believe that the primary factor responsible 
for the disuse osteoporosis, and thus the prime 
stimulus for normal osteoblastic activity, resides 
in the third possibility considered previously, 
i.e., muscular pulls and stresses. In flaccid para- 
plegia such muscular stresses entirely 
absent and would be little if at all affected by 
the two procedures we have employed. On the 
other hand, patients with preponderantly spas- 
tic paraplegia would be expected to show little 
or no osteoporosis and a normal urinary calcium 
excretion. In support of this view are the results 
of an extremely brief study of one patient with 
spastic paraplegia who was not included in our 
study. This individual, R. R., forty-seven years 
of age, had a traumatic paraplegia at D1 of 
six months’ duration, complicated by very 
severe spasticity of the lower extremities. With a 
calculated daily intake of 1,094 and 1,116 mg. 
calcium and a phosphorus intake of 1,621 and 
1,068 mg. on two successive days, the urinary 
calcium was 126 and 120 mg., respectively. 
However, urinary creatinine values were only 
0.82 and 0.69 gm. On another occasion, urinary 
calcium levels were 171 and 184 mg. day with 
creatinines of 0.69 and 0.74 gm. day. In spite 
of the low creatinine levels the normal urinary 
calcium excretion on a normal calcium intake 
appears significant and might indicate that the 
presence of spasticity is a crucial factor in 
determining the presence of hypercalcinuria 
and disuse osteoporosis, and that muscular 
contraction is the most important factor in 
‘stresses and strains’’ on bone, stimulating 
osteoblastic activity. It should be pointed out, 
however, that one of our patients (L. B.) was 
partially spastic during his study, yet his urinary 
calcium levels were elevated. It might be prac- 
tical to attempt galvanic contraction of flaccid 
muscles in paraplegic patients to bring about 
muscular contraction, but again the duration 
per day that this could be applied might prove 
to be a limiting factor. Another possibility 
would be the burying of a small inductance coil 
beneath the skin, with electrodes attached to 
the desired nerves. Such a procedure has been 
reported in one patient by Pool.'* 


SUMMARY 


1. Paraplegia is followed by metabolic changes 
characterized by disuse osteoporosis, hyper- 
calcinuria and negative nitrogen balance. The 
disuse osteoporosis has been postulated by 
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Albright to be due to failure of osteoblastic 
activity, resulting from lack of ‘“‘stresses and 
strains’ on bone. Such “stresses and strains”’ 
might consist of direct weight-bearing through 
bone, circulatory changes in bone or muscu- 
lar pulls on bone, acting either singly or in 
combination. 

2. The metabolic changes, notably in calcium 
metabolism, of paraplegia have been found by 
Freeman to return to normal only upon ambula- 
tion, which is rarely possible before the fourth 
month after injury. An attempt was, therefore, 
made in five paraplegic patients to imitate am- 
bulation while the patients were still immobi- 
lized by means of the oscillating bed, as suggested 
by Whedon et al., and by the tilt table. The 
effect of the oscillating bed was postulated to 
be via changes in circulation to the paralyzed 
extremities, while that of the tlt table was 
believed to act by direct weight-bearing through 
the bones of the lower extremities. 

3. Calcium balance studies and roentgeno- 
graphs failed to demonstrate any significant 
effect in our patients, either on the osteoporosis 
or hypercalcinuria, when these procedures were 
carried out for the durations of time specified. 
Studies of nitrogen metabolism revealed that 
anabolism or equilibrium was attained in all 
patients, provided adequate nutrition was 
available following injury. One patient with a 
lesion of thirteen months duration demon- 
strated a positive calcium balance in spite of 
concomitant hypercalcinuria. significant 
effects on nitrogen or phosphorus metabolism, 
basal metabolic rate, renal function tests or 
urinary 17-ketosteroids were observed by use 
of the oscillating bed or tilt table. 

4. The oscillating bed is of value in restoring 
the vasomotor tone of paralyzed extremities to 
normal. 

5. Direct weight-bearing through the lower 
extremities by means of the tilt table or other 
similar measures does not appear to be of value 
in affecting the calcium, phosphorus and nitro- 
gen metabolism of the paraplegic patients. 

6. It is postulated that the “stresses and 
strains’ on bone might primarily result from 
muscular contractions rather than  weight- 
bearing or circulatory changes. 
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An Abnormal Lipid-like Material 
and Carbohydrate in the Sera 
of Patients with Multiple Myeloma’ 


BERNARD A. SACHS, M.D., PAXTON Capy, B.S. and GEORGE Ross, B.s. 
New York, New York 


over 100 years ago when Bence-Jones' 
first described the proteinuria which bears his 
name. Since then, three associated metabolic ab- 
normalities—paramyloidosis,? abnormalities in 
serum proteins,* cryoglobulinemia*—have been 
described. 

During the course of a paper electrophoretic 
analysis of protein and lipid alterations in 
various disorders, we noted the two following 
abnormalities in the serum of a patient with 
multiple myeloma: (1) An abnormal lipid 
staining band in association with the abnormal 
globulin and (2) upon appropriate staining, an 
associated abnormal carbohydrate. The present 
report describes our findings in the sera of eleven 
patients with multiple myeloma which were 
analyzed both electrophoretically and chemically 
for protein, lipid and carbohydrate. 


HE first association of multiple myeloma 
with a metabolic abnormality was made 


METHODS 


Venous blood was drawn from eleven patients 
in the postabsorptive state with proved multiple 
myeloma. The separated sera were used for all 
electrophoretic and chemical analyses. Paper 
electrophoresis was performed with Flynn and 
de Mayo’s® modification of Durrum’s apparatus, 
in which the filter paper strips are freely sus- 
pended in buffer troughs in a_ vapor-tight 
chamber. Adjacent electrode troughs are con- 
nected to the buffer troughs by wicks. Whatman 
No. 1 filter paper strips, 4 by 37.5 cm., were 
suspended in veronal buffer at a pH of 8.6 and 
an ionic strength of 0.1. The serum was streaked 
across the apex of the suspended filter paper with 
a micropipet; 0.0125 ml. was used for protein 


and 0.025 ml. for lipid and carbohydrate. Con- 
stant voltage of 140 volts from a direct current 
power unit across seven strips for seventeen 
hours drew a current of 3.4 to 4 milliamperes. 
This provided sufficient time for migration and 
good separation of the protein fractions in the 
electrical field. The strips then were removed and 
dried in an oven at 105 to 110°F. for ten minutes 
to fix the protein by coagulation. 

Naphthaline black 12B 200 was used for 
protein staining. The following ten staining 
dishes were used: the first with a saturated 
solution of the dye in 10 per cent acetic acid in 
methanol, the next eight with 10 per cent acetic 
acid in methanol to wash out the unbound dye 
and the last with methanol to remove the acetic 
acid. The strips remained ten minutes in each 
dish. This stain has a high affinity for protein and 
stains the protein bands a deep blue, leaving the 
background a very faint blue. The strips were 
stained for lipid in oil red 0 as described by 
Durrum.*® The lipids stain red against a pink 
background. Protein-bound carbohydrates were 
stained by Kéiw’s modification of the Hotchkiss 
histochemical method, using periodic acid and 
fuchsin sulfite.’ The carbohydrates stain violet- 
red to purple with a very faint violet background. 

The optical densities of the stained strips were 
read at 2mm. intervals with a Photovolt No. 52-C 
densitometer using a 540 my filter. The protein 
curves were divided into their component frac- 
tions and the area of each fraction was measured 
with a compensating polar planimeter. Total 
protein was determined chemically by micro- 
Kjeldahl digestion followed by aeration and 
titration of the ammonia.**® Thus values for 
each protein fraction in grams were obtained. 


* From the Medical Division, Montefiore Hospital, New York, N. Y. This study was supported in part by grants 
from the Lasdon Foundation, the National Institute of Arthritis and Metabolic Diseases of the United States Public 


Health Service and from the Medical Research and Development Board of the Surgeon General’s Office. 
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Fic. 1. Electrophoretic protein abnormalities in patients with 


multiple myeloma compared to the normal findings. 


The horizontal black line represents the point of application of the sera. Gamma-S = “slow” gamma myeloma; 
Gamma-F = “fast” gamma myeloma; Gamma-M = M component; Beta = beta myeloma; ‘Normal’ = minor 


anomalies (mild increases in the alpha globulins). 


Total lipids were determined gravimetrically 
by extraction of the serum with Bloor’s reagent. 
Aliquots of this extract were taken down to 
dryness in conical beakers on a hot plate. The 
dry residue was reextracted with four volumes of 
hot petroleum ether. The extracts were filtered 
through lipid-free cotton plugs into tared conical 
beakers, brought down to dryness, desiccated 
and weighed on an analytic balance. 

Total and free cholesterol were determined by 
the Sperry and Webb'’ modification of the 
Schoenheimer-Sperry method. The Zilversmit 
and Davis'' method was used to determine lipid 
phosphorus. Total polysaccharides were deter- 
mined chemically by the method of Graff et al.'* 
and glucosamine by the method of West and 
Clark.’ 


RESULTS 


1. Protein. Seven of the eleven sera revealed 
the characteristic electrophoretic pattern of 
gamma myeloma and two of beta myeloma. Two 
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showed only minor abnormalities. (Fig. 1.) Of 
the seven gamma myelomas, five were “slow,” 
i.e., the abnormal gamma globulin migrated 
least and appeared at the beginning of the 
gamma band on the paper strip. (Fig. 4B.) One 
serum exhibited a “‘fast’” gamma pattern, i.e., 
the abnormal gamma globulin migrated with the 
end of the gamma band closest to the positive 
electrode. (Fig. 4C.) The seventh gamma 
myeloma serum had a mobility which over- 
lapped the gamma band to the area between 
gamma and beta (Fig. 4G.) The latter might be 
classified as the component by Gutman;'* 
however, in the nomenclature of Reiner and 
Stern'® these sera are included in either the 
gamma or beta types of patterns. 

In all but the two patients exhibiting minor 
electrophoretic abnormalities, the serum total 
proteins, as chemically determined, were ele- 
vated to values of 8.3 to 12 gm. per cent. In the 


patients with gamma myeloma, gamma globulin 
ranged from 31 to'59 per cent of the total protein 
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in contrast to the average normal value of 19.5 
per cent. In the two patients with beta myeloma, 
the beta fraction was 46 and 57 per cent, as 
compared to the normal value of 13 to 14 per 
cent. The two sera with minor abnormalities 


globulin) was found in one patient with beta 
myeloma and in one with the minor protein 
abnormalities. Although this pattern has not 
been seen by us in over 200 paper electrophoretic 
patterns stained for lipid, it has been noted on 


TABLE I 
PROTEIN FRACTIONS IN SERA OF PATIENTS WITH MULTIPLE MYELOMA 


Subject Total Protein Albumin Globulin 
Alpha 1 Alpha 2 Beta Gamma 
No Name % Gm % Gm 
% Gm. % Gm. % Gm. % Gm. 
Normal * 100.0; 7.6] 49.1 3.7 6.5! 0.5 10.6; 0.8 14.3 1.1 19.5 1.5 
439 H. G. 101.1 | 10.5 | 31.2 3.3 4.5; 0.5 7.2; 0.8 11.1 Paes F 4.9 
440 A. F. 99.7 | 10.2 | 28.7 2.9 6.5; 0.7 9.3 1.0 10.1 1.0 | 45.1 4.6 
501 L. B. 100.8 | 11.1 | 30.0 3.3 9.0 1.0 8.5; 0.9 12.8 1.4 | 40.5 4.5 
516 I. J. 100.8 | 10.3 | 31.4 3.2 5.9) 0.6 9.2); 0.9 9.6 1.0 | 44.7 4.6 
529 F. G. 101.0; 8.3 | 30.9| 2.6 5.4) 0.4 12.2 1.0 14.4 1.2 38.1 3.2 
557 E. M. 99.9 9.5} 42.1 4.0 6.4) 0.6 11.1 1.1 9.1 0.9 31.2 3.0 
558 K. B. 100.4 | 12.0} 24.2; 2.9 4.3; 0.5 0.6 7.8) 0.9 58.9 | 7.1 
542 H. B. 101.0; 9.5 | 30.8; 2.9 0.6 | 46.4; 4.4 
547 J. L. 100.2 | 11.0 | 28.3 3.1 6.5, 0.7 5.5 0.6 56.8 6.2 3.1 0.3 
512 I. G. 99.5 7.6 | 46.3 3.5 9.1 0.7 16.4 1.2 9.7; 0.7 18.0 1.4 
559 M. B. 100.1 5.7 | 52.4 3.0 12.0 | 0.7 1.6.7 12.3 0.7 11.7 | 0.7 


* The normal values represent the average values of five normal subjects. In subject H. B., the gamma globulin 


was subdivided into two fractions. 


exhibited only small increases in alpha-1 and 
alpha-2 globulin, and in the one, a decrease in 
gamma globulin. (Table 1.) 

2. Lipid. With the technic used, the normal 
electrophoretic lipid pattern is represented by a 
faint red band which extends from the point of 
application to or immediately beyond beta 
globulin where the intensity of color is sharply 
accentuated. (Figs. 2 and 3A.) An additional 
lipid staining band, with the mobility of the 
abnormal gamma globulin, was noted in five of 
the seven gamma myeloma sera. (Fig. 2, type 
1.) These bands had a more orange tinge than 
the normal lipid bands and were more translu- 
cent than the remainder of the filter paper, 
hence could be seen better by reflected light 
than by transmitted light and did not record well 
in the densitometer. Another abnormality, 
arbitrarily designated type 1 (Fig. 2), in which a 
sharply accentuated lipid band is noted at the 
point of application (between beta and gamma 


occasion by others in normal subjects. '* The other 
sera exhibited no apparent lipid abnormality. 
To ascertain whether any abnormality in 
serum lipid could be demonstrated chemically, 
total lipids, total and free cholesterol and lipid 
phosphorus were determined. (Table 1.) Total 
lipids were elevated in two of the gamma mye- 
loma sera and in one with only minor aberrations 
in protein pattern. These three also had in- 
creased levels of serum cholesterol and/or 
lipid phosphorus. In the two sera with beta 
myeloma and in one with gamma myeloma, 
cholesterol and lipid phosphorus were depressed. 
Preliminary studies on the identification of the lipid- 
staining material: In an effort to characterize the 
abnormal lipid-staining material, the filter paper 
strips were extracted with Bloor’s reagent 
(absolute alcohol, 3 parts; anhydrous ether, 1 
part) before staining. When the filter paper strips 
were extracted with hot Bloor’s reagent and then 
stained with oil red 0, all of the normal lipid 
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Lipid 


Carbohydrate 


Fic. 2. Paper electrophoretic patterns of lipid and carbohydrate in sera from 
patients with multiple myeloma compared to a normal subject and a patient with 
essential hyperlipemia. The normal carbohydrate bands stain a faint violet-red 
which unfortunately does not reproduce well in black and white. The carbohydrate 
pattern in the patient with hyperlipemia is normal. The lipid and carbohydrate 
anomalies found in the patients with myeloma are shown in the two center strips 


of cach group. 
and the “type 1’ anomaly were completely 
removed. However, the bands associated with 
the abnormal globulin still stained for lipid. 
Indeed, in the beta myeloma sera and in the two 
‘fast’? gamma myeloma sera, abnormal lipid- 


TABLE 
SERUM LIPIDS IN PATIENTS WITH MULTIPLE MYELOMA 


Cholesterol 
Age Elec Total (mg. “%) 
Patient | and Lipi phorus 
Protein | Lipid Total |Free 
Normal |...... N N | 600-1,000/150-300]....| 6-10 
L. B. 42,F |Gamma-S;| N 631 173. {53.5} 8.5 
1. G. 50,M N 1,444 323. 195.4) 13.7 
I. J. 50, M | Gamma-F 1 588 158 (42.5) 10.6 
H. B. 68, M | Beta N 606 84 (19.0) 4.8 
J. L. 55, M | Beta " 669 103 (32.2) 5.4 
A. F. 62,F | Gamma-S 1 1,094 269 (67.5) 13.5 
E.M. |75,M|Gamma-S 1 919 203 (53.4) 9.9 
K. B. 50,F |Gamma-F {| N 631 150 (40.8) 10.4 
M. B. 46,M N N 550 167 (43.3) 7.7 
H. G. 55, M | Gamma-S 1 504 116 (26.8) 5.2 
F. G. 70, F | Gamma-S 1,131 338 (83.4) 10.3 


staining bands, previously masked by the normal 
lipid, became evident. Thus after Bloor’s extrac- 
tion the only strips which did not show an 
abnormal lipid-staining band were those pre- 
pared with sera showing but minor protein 
abnormalities. 
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3. Carbohydrate. The normal electrophoretic 
carbohydrate pattern consists of light violet- 
red staining bands which correspond to the 
protein bands. (Fig. 3A.) Carbohydrate, ab- 


TABLE 11 
CARBOHYDRATES IN SERA OF PATIENTS WITH MULTIPLE 
MYELOMA 
Electrophoresis 

Age Total 
Patient Glucosamine 

Sex ides (mg. %) 

mg. %) 
Protein | CHO 

Normal |...... N N 120-155 80-110 
L. B. 42,F | Gamma | Gamma 255 225 
I. G. 50,M N N 158 124 
I. J. 56, M | Gamma | Gamma 164 149 
H. B. 68, M | Beta Beta 252 224 
J. L. 55, M | Beta Beta 415 417 
A. F. 62,F | Gamma | Gamma 162 186 
E. M. 75, M | Gamma | Gamma 156 144 
K. B. 50,F | Gamma | Gamma 353 346 
M. B. 46,M N N 126 119 
H. G. 55, M | Gamma | Gamma 168 145 
F. G. 70,F | Gamma | Gamma 168 142 


normal in position and increased in amount, was 
invariably found with abnormal myeloma pro- 
tein, whether gamma or beta. These bands 
stained deep purple. (Fig. 2.) Only the two sera 
with minor protein anomalies revealed no 
abnormal carbohydrate. 

This abnormality was always associated with 
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Fic. 3. Protein (P); lipid (ZL); carbohydrate (C). Interrelationships of normal serum (A) compared with beta 
myeloma (B) and gamma myeloma (C). The optical density of each strip is recorded below. The arrows indicate the 


points of application of the sera. 


an increase in chemically determined total 
polysaccharides or glucosamine. (Table m1.) In 
four sera there was a twofold or threefold in- 
crease in both these fractions to levels never 
before obtained in this laboratory. Of five others 
which had a moderate increase in glucosamine, 
four had a slight rise and one no elevation 
in total polysaccharides. The two sera with minor 
protein changes had high normal values for 
glucosamine and one showed a high normal 
value for total polysaccharides. 


COMMENTS 


Protein. Designating myeloma sera as alpha, 
beta or gamma implies only that there is a 
similarity between the electrophoretic mobilities 
of abnormal and normal serum components and 
does not necessarily indicate chemical identity 
The electrophoretic gamma and beta peaks in 
multiple myeloma sera are much sharper than 
the peaks found in either normal sera (Fig. 4) 
or in hyperglobulinemic sera in other disorders. 
Immunologic and chemical differences between 
the beta and gamma globulins of myeloma and of 
normal sera also exist.'’ 

In sera from ninety-one myeloma patients 
Reiner and Stern'’® found 6.6 per cent alpha 
patterns, 15.4 per cent beta patterns, 56 per 
cent gamma patterns and 22 per cent minor 
anomalies. That the hyperglobulinemia is most 
often due to the gamma fraction and less fre- 


quently the beta fraction is confirmed by our 
relatively small series, as well as by others.'*:'* 
Alpha myeloma is rarely seen. The patients did 
not exhibit Bence-Jones proteinuria during this 
study. One patient with gamma myeloma (E. M.) 
was reported to have Bence-Jones proteinuria 
while at another institution. 

Lipid. Since the beta fraction contains most 
of the lipoproteins, marked lipemia might be 
expected when this fraction is increased. Despite 
the fact that an increased beta fraction occurs 
principally in myeloma and in primary biliary 
cirrhosis, '* a characteristic lipemia occurs only in 
the latter. Waldenstrém,'* who has had a wide 
experience with myeloma, observed only one 
case with an increased beta fraction and marked 
lipemia. Hartman”’ noted a moderate increase 
in cholesterol in beta myeloma. In the serum 
of a patient with myeloma, Hill et al.?' described 
the presence of a lipoprotein, a “‘cryoprotein” 
which solidified on cooling. When it was purified 
by repeated reprecipitation, needle-like crystals 
of cholesterol esters separated out after three 
days. Aside from these, no other study of the 
lipid metabolism in multiple myeloma _ has 
been reported. 

It is of interest that both our patients with beta 
myeloma (H. B. and J. L.) and one with gamma 
myeloma (H. G.) showed decreased values for 
serum cholesterol and lipid phosphorus. This 
did not correlate with the patients’ nutritional 
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status since one (H. B.) was obese. It is of note 
that three of eleven patients exhibited hyper- 
lipemia associated with an increase in cholesterol 
and/or lipid phosphorus. These chemically 
determined abnormalities could not be qualita- 
tively correlated with an _ electrophoretically 
determined lipid anomaly. 

Five of the seven gamma myeloma sera ex- 
hibited a lipid-staining band associated with the 
abnormal protein. Of interest is the finding that 
other lipid-staining bands which were masked 
by overlapping normal lipid became apparent 
when the normal lipid was removed by extrac- 
tion with Bloor’s reagent. Preliminary studies 
in the identification of the abnormal lipid stain- 
ing bands make it doubtful that this material 
is true fat. Clarification of this point must await 
completion of studies now in progress. 

Carbohydrate. The physiologic role, metabo- 
lism and chemistry of the serum polysaccharides 
are largely unknown despite the fact that they 
are quantitatively important constituents of 
blood. One fraction, seromucoid, has been found 
to be composed of acetylglucosamine, mannose 
and galactose. Serum polysaccharides and 
glucosamine have been found to be increased in 
the presence of sterile abscesses, bacterial 
infections, fever, nephritis, diabetic glomerulo- 
sclerosis, vascular disease secondary to diabetes, 
rheumatic fever, rheumatoid arthritis, dis- 
seminated lupus erythematosus, tuberculosis, 
late pregnancy and cancer.**~** When specifi- 
cally investigated, it has been found that the 
polysaccharide associated with albumin and 
alpha globulin is elevated. Except for one report 
of Boas and Reiner,”’ later refuted by Ehrich,”* 
in which a correlation was noted between 
glucosamine and gamma globulin in patients 
with disseminated lupus erythematosus, poly- 
saccharides have not heretofore been reported 
to be increased in the gamma globulin fraction. 
It appears that the polysaccharide content of 
the albumin fraction is elevated in cases in 
which tissue proliferation occurs; when the 
process involves fever, the polysaccharide content 
of the alpha globulin also increases. The poly- 
saccharide abnormality in our patients with 
multiple myeloma differs from the above dis- 
orders both qualitatively and quantitatively. 
The levels of both total polysaccharide and 
glucosamine reached by some of the patients 
with myeloma are the highest recorded in this 
laboratory. 

Greenspan et al.?® chemically estimated the 
polysaccharides of whole serum, the polysac- 


charides of the serum proteins and the poly- 
saccharide and protein components of the serum 
mucoprotein in patients with advanced cancer, 
in normal subjects, in patients with paren- 
chymatous liver disease and in six patients with 
myeloma. They found that the carbohydrate / 
protein ratios of the myeloma group were con- 
sistently elevated when compared with the 
advanced cancer group. This elevation was 
due to a decrease in the protein content of the 
serum mucoprotein while the polysaccharide 
remained at normal levels. The same finding 
was noted in patients with hepatic insufficiency 
but could not be attributed to the presence of 
hyperglobulinemia or selective co-precipitation 
of the protein moiety of the mucoprotein. 

The anomalous carbohydrate invariably found 

with abnormal protein in the present series of 
patients apparently represents a_ heretofore 
unrecognized metabolic abnormality in multiple 
myeloma. Mucopolysaccharides are found nor- 
mally in ground substance, fibers and basement 
membrane. Paramyloid, found frequently in 
patients with multiple myeloma, is believed by 
some** to be produced by the abnormal plasma 
cells. Amyloid and paramyloid consist of protein 
and mucopolysaccharide. One of the important 
constituents of mucopolysaccharide is glucosa- 
mine. It is possible that the abnormal carbohy- 
drate found in association with the abnormal 
protein is mucopolysaccharide and that this is 
chemically reflected by the observed increase in 
glucosamine. Proof of this must await further 
study. 
The abnormal protein, lipid and carbohy- 
drate are apparently bound and migrate to- 
gether electrophoretically. The protein-lipid- 
carbohydrate complex may be elaborated by 
the myeloma cell but proof of this must await 
further study. 


SUMMARY 


Sera from eleven patients with multiple 
myeloma were separated by paper electro- 
phoresis and differentially stained for protein, 
fat and carbohydrate. Of the eleven, seven 
revealed protein patterns of gamma myeloma 
and two of beta myeloma; two exhibited minor 
abnormalities. 

In five of the seven with gamma myeloma an 
abnormal lipid-staining band which migrated 
with gamma globulin was present. In one with 
beta myeloma and one with minor anomalies a 
lipid band was found between beta and gamma 
globulin. Extraction of the filter paper with 
Bloor’s reagent removed the normal lipids and 
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the bands between beta and gamma globulin. 
This revealed four other, previously masked, 
lipid-staining bands associated with abnormal 
protein. Only the two sera with minor protein 
anomalies showed no abnormal lipid after 
extraction. 

Total lipids, chemically determined, were 
elevated in only two gamma myeloma sera and 
in one with normal protein pattern. These three 
also had increased levels of serum cholesterol 
and/or lipid phosphorus. In two with beta 
myeloma and one with gamma myeloma, 
cholesterol and lipid phosphorus levels were 
depressed. 

Carbohydrate, abnormal in_ position and 
increased in amount, was invariably found with 
abnormal protein, whether gamma or beta. 
This was always associated with an increase in 
chemically determined total polysaccharides or 
glucosamine. In four sera both these fractions 
were two to three times normal values. Five 
others had a moderate increase in glucosamine: 
four of these had a slight rise and one no eleva- 
tion in total polysaccharides. The two with 
minor protein abnormalities had no abnormal 
carbohydrate, electrophoretically or chemically. 

This increase in serum polysaccharides of 
patients with multiple myeloma differs from 
that found by others in patients with carcinoma 
in that it is associated with the abnormal globulin 
rather than albumin. 
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Serum Proteins and Lipoproteins in 
Multiple Myelomatosis" 


Lena A. Lewis, M.D. and IrvinE H. PAGE, M.D. 
Cleveland, Ohio 


HE serum proteins of patients with multi- 

ple myelomatosis have been extensively 

studied'~* but investigation specifically of 
the lipoproteins apparently has not been made. 
The bizarre protein patterns in this disorder 
suggested that the lipoproteins might also show 
anomalies. Accordingly, studies were made of 
the serum of twenty-four patients with multiple 
myeloma, established by the usual clinical 
criteria and by bone marrow examination. Four 
of these also had arteriosclerotic heart disease as 
demonstrated by autopsy in two instances and 
by clinical findings in two others. 


METHODS 


Electrophoretic analysis of serum proteins 
made by Longsworth’s® modification of the 
Tiselius electrophoretic technic, using barbitu- 
rate buffer, pH 8.6, ionic strength 0.10 uy. 
Serum total protein was determined by the 
biuret method® and cholesterol by the method of 
Abell et al.‘ Lipoproteins were studied by 
ultracentrifugation at a density of 1.21 by Lewis, 
Green and Page’s* modification of Gofman’s 
technic. 

In addition to the twenty-four patients with 
multiple myelomatosis, data were obtained in 
one person with plasma cell myeloma of sacrum 
and radius, one with lymphosarcoma of the bone 
marrow, and one with benign purpura-hyper- 
gammaglobulinemia observed for nine years. 


RESULTS 


Electrophoretic analysis of the serum was 
performed in twenty-one of the twenty-four 
patients with multiple myelomatosis. In four 
patients a high concentration was found of 
material with electrophoretic mobility between 
that of 8 and 2-globulin, originally designated in 
the literature’ as “‘ M-globulin” but now classified 


as ¥:-globulin.'’:'' Increased concentrations of 
8-globulin occurred in four cases. Eleven ex- 
hibited large y2-globulin peaks. Two showed no 
unusual changes. (Table 1.) In one serum (Case 
3) some precipitation occurred in the descending 
channel in the y2-globulin area, suggesting that 
the protein was a cryoprotein. No precipitation 
was observed in any of the other sera either 
when stored in the cold or during electrophoresis. 
The sera of the patient (Case 25) with plasma 
cell myeloma of sacrum and radius, and of the 
one (Case 27) with lymphosarcoma of the bone 
marrow, both showed elevated concentration 
of material with the electrophoretic mobility of 
¥2-globulin. 

Hypergammaglobulinemia was present for at 
least nine years in one patient (Case 26), the 
¥2-globulin being 3.8 gm. per 100 ml. in 1944 
and 6.5 gm. in 1953. 

The lipoprotein pattern of patients with 
multiple myelomatosis showed all of the com- 
ponents present in normal sera, —S > 70, 40- 
70, 25-40, 20-25 and 1-10. (Table 1.) The con- 
centration of the low density —S > 70, and 
40-70, and of —S 20-25 was only slightly be- 
yond the range for normal human subjects of 
similar age, averaging 53, 41 and 12 mg. per 
100 ml., respectively; the corresponding figures 
for normal subjects are 41, 31 and 13. The 
concentration of —S 25-40 and —S 1-10 was 
significantly lower in myeloma sera, averaging 
131 and 97 mg. per 100 ml., respectively, as 
compared with the normal average of > 190 mg. 
and 192 mg. per 100 ml. 

The serum cholesterol concentration of pa- 
tients with multiple myelomatosis was con- 
sistently low, averaging 131 mg. per 100 ml.; 
that of normals of similar age (forty-five to 
seventy years) was 237 mg. per 100 ml. (Table 1.) 
In some cases low concentrations are known to 


* From the Research Division of the Cleveland Clinic Foundation, and the Frank E. Bunts Educational Institute, 
Cleveland, Ohio. 
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and the —S 1-10 component is not present in the 
lipoprotein concentrate. 

Electrophoretic analysis of lipoproteins con- 
centrated at a density of 1.21 showed —S 40-70 
to have a mobility similar to ‘;-globulin; 
—S 25-40 has a mobility corresponding to 


have existed for years. Thus, determinations 
made thirteen months apart in Case 2 showed 
76 and 67 mg. per 100 ml.; those made three 
years apart in Case 10 were 133 and 123 mg. per 
100 ml.; and those made eight months apart in 
Case 3 were 183 and 168 mg. per 100 ml. 


TABLE | 
SERUM PROTEINS AND LIPOPROTEINS (d. 1.21) OF PATIENTS WITH MULTIPLE MYELOMATOSIS 


| | 


, Abnormal Serum Component | _ Serum Lipoproteins, d 1.21, 
Total Serum Serum (mg./100 ml) Evidence of Arteriosclerosis, 
(ase and Protein | | Cholesterol | Kidney Involvement and 
No Sex (gm. /100ml.) —Sfobility (mg. /100 ml.) | Other Special Notes 
Similar to 100 ml.) <70 40-70 25-40 20-25 1-10 
1 65,M 10.52 2lobulin 6 46 76 20 <5) 59 5 107 ASHD m 
9 25 2 59 183 94 63 188 24 _ Arteriosclerosis, moderate, aorta 
| | | | | and coronary arteries 
7 68 | 2.72 120 | 23 186 <5 56 ASHDw 
4 63,F B10 abnormality 145 1143 | | Arteriosclerosis, moderate, gen. 
| | | arteriosclerosis, atherosclerosis 
aorta 
5 65,M 6 61 f+] 2 41 93 22 31 59 <# 140 Aorta: moderate atherosclerosis: 
| _ miliary tuberculosis 
65,M_ 7.65 1 95 | 187 | 9% «+164 | Renal insufficiency 
9 67,M 13.00 48 45 12 12 63 | <7 | 24 Renal insufficiency 
10 11-40 7 50 123 <5 22 140* 
15 53,M 9 54 4.50 142 58 
16 64,F 11.99 8 10 80 16 3378 | 
18 52.F 10.80 3.18 177 14 38 (212 
19 12.75 7.19 71 123 212 | 14 119 Renal insufficiency 
20: 7.$7 72 2.20 162 | | te | Renal insufficiency 
& 60 No abnormality | 156 118 80 141 #14 70 “Myeloma kidney” 
24 198 59 61 199 | 21 | 164 Renal insufficiency 
25 55,M 2.79 153 24 | 35152 | 42 | "77 Plasma cell myeloma of sacrum 
| | and radius 
26 9 72 | 3.78 47 54 199 90 Benign purpura; hypergamma- 
| «42. 603 6 53 165 | | | | globulinemia 
27 M 9 40 y2 357 128 28 | 24 | 106 | 12 by Lymphosarcoma of bone 
marrow 
Average Normal Values 
Cholesterol S$ <70 | 40-70 20-25 1-10 
35 60 F Xx. 230. 9 13.3 + 1.4 228.1 + 11.6 
35 60 M Xx. 242. 0 5.0 | 327+ 18 <190 12.4408) 155 8+ 4.8 


* Density used 1.063. 
t Date of determination, March 8, 1944, 
3 Date of determination, March 17, 1953. 


Repeated electrophoretic and lipoprotein studies 
showed a relatively stable pattern. 


1.063. When the Gofman procedure is employed, 
the —S 20-25 component is only poorly resolved 
8:-globulin; —S 20-25 a mobility of a2-globulin, 
and —S 1-10 a mobility of a-globulin. The 
—S > 70 components moved only slightly and 


COMMENTS 
The lipoproteins, when measured at a density 


of 1.21, and identified by their —S values as 
—S > 70, 40-70 and 24-50, correspond respec- 
tively to S, 20-100+, 12-20 and 3-8 as 
classified by Gofman from studies at a density of 
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were poorly resolved in boundary electrophoresis. 

The changes in the serum electrophoretic 
protein pattern did not correlate closely with the 
lipoprotein pattern or the serum cholesterol 
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concentration. Sera with the greatest increase in 
total protein concentration usually had low 
concentrations of —S 25-40, i.e., 8-lipoprotein. 

Low serum cholesterol with high y2-globulin 
concentration was frequently observed. In a 
group of twenty-nine patients suffering from a 
variety of diseases such as arthritis, hepatitis, 
sarcoidosis, and showing serum 7¥2-globulin levels 
greater than 2.00 gm. per 100 ml., the cholesterol 
was less than 200 in nineteen and of these, less 
than 175 mg. per 100 ml. in fifteen instances. 
Those having both high y2-globulin and high 
cholesterol concentrations were chiefly hyper- 
tensives and diabetics. 

The occurrence of very low concentrations of 
lipoproteins, especially 8-lipoprotein, —S 25-40, 
in sera of patients No. 5, 6, 8 and 9, with a high 
concentration of 8-globulin, excludes the possi- 
bility that the increase in 8-globulin is due to 
large amounts of lipoproteins. Evidently it is 
the non-lipoprotein part of the 6-globulin com- 
plex which increases under these circumstances. 

Putnam and Udin"® observed, as we have 
found in the present series, that most myeloma 
proteins have a mobility in the range of normal 
y-globulins. The finding of different end-groups 
in some of the purified myeloma proteins from 
those in normal y-globulins suggested that ‘‘an 
aberration in protein synthesis occurs in this 
disease.’’!* 

Of four myeloma sera all of the y-globulin 
type, studied by Nikkila'* by paper electro- 
phoresis, three showed very low a;-lipoprotein 
concentration, and elevated a2 and §8-lipoprotein 
values. The cholesterol concentration in two 
was elevated. Neither the total serum protein nor 
y-globulin concentration was given. 

The low concentration of cholesterol and of 
B-lipoprotein (—S 25-40) and a;-lipoprotein 
(—S 1-10) cannot be explained on the basis of 
caloric restriction or weight reduction, for a few 
of our patients who had the lowest cholesterol 
concentrations (Cases 12, 16 and 17) were 
obese. Decreased concentrations of cholesterol 
and low density lipids have been observed dur- 
ing periods of restricted caloric intake and weight 
reduction. '* 

The finding of low serum lipoprotein and 
cholesterol and a large component with electro- 
phoretic mobility of y2-globulin in the serum 
of patient No. 27 with lymphosarcoma of the 
bone marrow indicates that the lymphocyte as 
well as the plasma cell may be involved in the 
changed lipid and protein patterns. 
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The highest serum lipoprotein concentrations 
were observed in the patients with myeloma and 
renal insufficiency but even in these instances the 
concentrations were not higher than normal. 
These findings contrast with those in patients in 
the nephrotic phase of nephritis or with malig- 
nant hypertension with renal involvement, in 
whom the lipoproteins, especially the —S 20-25 
and —S 25-40 and low density components are 
greatly increased'® and the serum cholesterol 
is usually above 300 mg. per 100 ml. In myelo- 
matosis renal insufficiency may result from 
protein precipitates chiefly in the proximal 
tubules.*:'” The difference in site and amount 
of protein deposits in myelomatosis and nephritis, 
which are probably due to difference in urinary 
protein solubility, might be a factor in the 
abnormal lipoprotein patterns. 

Two cases of a-globulin plasmacytoma have 
been reported.'* In one the a2-globulin was 53.2 
per cent of the total protein and the serum 
cholesterol was only 160 mg. per cent, thus 
eliminating the possibility that the abnormal 
component was lipoprotein. Lohss et al.'® also 
failed to find any evidence that the abnormal 
component of patients with the a or 6 type dis- 
ease was lipoprotein. 

Repeated plasma and bone marrow studies in 
multiple myeloma patients receiving urethane 
have shown a parallelism between the concen- 
tration of abnormal plasma proteins and the 
number of plasma cells in the bone marrow, **:?! 
providing additional evidence that the plasma 
cell is the source of the abnormal protein in 
myeloma. The abnormal serum proteins had the 
electrophoretic mobility of :- or y2-globulin. 


SUMMARY . 


The serum lipoprotein pattern of twenty-four 
patients with multiple myelomatosis studied by 
ultracentrifugation showed the concentrations 
of —S > 70, 40-70 (y:-globulin) and —S 20-25 
(a2-lipoprotein) components to be normal. 
Lower than normal values were found for 
—S 25-40 (6:-lipoprotein) and —S 1-10 (a:- 
lipoprotein). Serum cholesterol concentrations 
also were lower than those of normal people of 
like age and sex. Four of these patients had 
arteriosclerotic heart disease and six had marked 
renal insufficiency. 

The electrophoretic protein patterns showed 
increased concentrations of components with 
mobility of 81-, y:- or y2-globulin. There was no 
correlation between the changes of lipoprotein 
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and electrophoretic protein patterns, although 
those sera showing the largest globulin concen- 
trations usually had very low §;- and a;-lipo- 
proteins and cholesterol. 
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Disappearing Bones: A Rare Form of 


Massive Osteolysis’ 


Report of Two Cases, One with Autopsy Findings 


L. W. GorHa™, M.D., A."W. WRIGHT, M.D., H. H. SHULTz, M.p. and F. C. Maxon, JR.. M.D. 
Albany, New York 


HE gradual and often complete resorption 
of a bone or group of bones is an unusual 
phenomenon. It has been described under 
various titles such as phantom clavicle, acute 
absorption of bone and disappearing bone. 
Occurring chiefly in young adults and fre- 
quently first discovered after some sort of injury, 
often a fracture, the slow dissolution ultimately 
results in complete disappearance of the affected 
bone or bones. Although we have been able to 
find sixteen reported cases, some of them very 
well documented, few physicians have seen or 
even heard of this uncommon form of progressive 
osteolysis. Moreover, in none of the various 
reports has a satisfactory explanation of the 
pathogenesis of the lytic process been proposed 
and the etiology of the lesion is far from clear. 
This communication is based upon the per- 
sonal observation of two cases of this unusual 
disorder, one of them with autopsy which per- 
mitted a detailed study of the affected tissues, as 
well as a brief review of the sixteen reported cases, 
some of which have been painstakingly followed 
up. As a result of this investigation it is now pos- 
sible to record the clinical characteristics of a re- 
markable syndrome, that of massive osteolysis, 
and to give a description of the pathologic 
changes found in one case. We have also pro- 
posed a possible explanation of the mechanism 
whereby the affected bones are slowly dissolved 
and reduced to little more than flexible fibrous 
bands. 
CASE REPORTS 


Case1. H.N., a sixteen year old white high 
school boy, was first admitted to the Surgical 
Service of the Albany Hospital on May 18, 1944, 


because of a deformity and pain in his right 
clavicle which had been fractured six months 
previously. The fracture was unrecognized for a 
week before it was immobilized with a T-splint. 
This was removed after six weeks, at which time 
there seemed to be fair approximation of the 
bone edges with a slight depression persisting 
over the mid-portion of the bone. As there was 
no pain or other evidence of disability, no 
further treatment was prescribed. 

In May, 1944, while playing baseball, he felt 
a sudden giving-away associated with consider- 
able pain in the region of the right clavicle and 
the depressed area seemed to be deeper than 
before. He was referred to the Albany Hospital 
for study. 

The past and family histories were non-con- 
tributory. General examination was entirely 
negative except for the presence of a deep de- 
pression over the middle portion of the right 
clavicle. (Fig. 1.) The sternal and acromial 
ends of this bone were palpable but the central 
portion was missing. X-ray examination showed 
almost total absence of the right clavicle except 
for an indefinite small fragment at the acromial 
end. Moreover, much of the scapula was also 
missing, particularly the superior portion where 
only a small part of the coracoid process re- 
mained. At the base of its spine the scapula was 
very thin. The second rib on the right, with the 
exception of a 7 cm. portion of its head, was 
absent. The skull was normal. 

Normal values were obtained in the following 
laboratory tests: red cells, hemoglobin, white 
cells, differential count, acid phosphatase, serum 


phosphorus, blood calcium and blood Wasser- 


* From the Department of Medicine and the Department of Pathology and Bacteriology of the Albany Medical College, 
Union University, Albany, N. Y. 
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Street, New York 9, N. Y. 
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Fic. 1. Case 1. Showing depression in right clavicle. 


mann. The alkaline phosphatase was elevated 
to 8.7 Bodansky units, about twice the normal 
value for adults but of questionable significance 
in this growing sixteen year old boy. 

No satisfactory diagnosis was made and the 
patient was discharged on May 24, 1944. Be- 
cause of continued pain in the neck and upper 
back, and further increase in the deformity of the 
right shoulder girdle, the patient was admitted 
to the hospital again on March 9, 1945, this 
time for observation on the Medical Service. He 
did not appear ill but there was marked atrophy 
of the muscles of the right shoulder girdle with 
drooping of the shoulder forward and downward. 
The right clavicle was reduced to a fibrous cord 
beneath which could be felt the stumps of the 
second and third ribs projecting from the sternum. 
There was scoliosis of the lower cervical and 
upper thoracic vertebrae with convexity to the 
right. The head could not be completely turned 
to the right. There was marked weakness and 
limitation of movement of the right arm but the 
strength and motion of the forearm and hands 
were undiminished. The reflexes were normal 
except for a weaker biceps jerk on the right. The 
right testis was not palpable. 

Skeletal x-rays revealed further destruction of 
the right scapula. In addition, the head and neck 
of the right humerus, the upper three ribs on the 
right side and the upper three dorsal vertebrae 
were now involved. 

The red cells numbered 4,320,000 and the 
white cells 4,900 per cu. mm. The differential 
count was normal. Hemoglobin was 8 gm., non- 
protein nitrogen 31 mg., serum calcium 10.7 mg., 
serum phosphorus 4.3 mg., cholesterol 101 mg. 
and acid phosphatase 3.3 units, all per 100 ml. 
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Fic. 2. Case 1. Biopsy of third right rib; X< 30. 


of blood. Alkaline phosphatase was 8.4 Bodansky 
units. The urine was normal. No albumin was 
found on several examinations. 

A modified Aschheim-Zondek test made on 
the urine of the patient gave a negative reaction. 
Sternal puncture revealed an essentially normal 
marrow with the exception of the presence of 
slight eosinophilia and a deficiency of reticulo- 
cytes. All cells were qualitatively normal when 
examined by the supravital method. 

Biopsy of the third right rib showed marked 
atrophy of the bone which consisted of little 
more than a paper-thin cortex enclosing brown- 
ish marrow. There was no evidence of tumor. 
Histologically, much of the cortical and cancel- 
lous bone had disappeared and that which 
remained was surrounded by osteoclasts. The 
fibrous periosteum was thin but normal. The 
marrow was composed of atrophic fat with a few 
centers of normal though underactive hema- 
topoiesis. Blood vessels, chiefly congested capil- 
laries, were numerous. There was no evidence 
of inflammation. The etiology and nature of this 
extreme generalized atrophy were completely 
obscure. (Fig. 2.) 

The patient was discharged on the twenty- 
second hospital day and was not seen again until 
August 23, 1945, when he was admitted for 
the last time because of increasing pain in the 
right shoulder, progressing generalized weakness 
and the onset three weeks previously of severe 
exertional dyspnea, anorexia and dull, non- 
radiating epigastric pain. There had been 


Disappearing Bones—Gorham et all. 675 


676 


Fic. 3. Case 1. X-ray o 2 chest denies extensive osteoly- 
sis and pleural effusion. 


moderate loss of weight since the last admission. 
The right chest now contained fluid and the 
heart was displaced to the left. There was 
marked tenderness in the epigastrium with an 
indefinite mass in this region. The deformity of 
the right shoulder girdle and arm and the 
scoliosis of the upper spine were more marked 
than they had been and atrophy and weakness of 
the involved muscles were present. 

Roentgenograms revealed evidence of massive 
pleural effusion on the right with displacement of 
the mediastinal structures to the left (Fig. 3.) 
The destructive changes in the upper three ribs, 
the scapula, cervical vertebrae and_ thoracic 
vertebrae had increased since the previous 
examination. 

Fluid obtained by thoracentesis was bloody 
but was sterile on culture. It contained 1,850,000 
red blood cells and 14,000 white blood cells per 
cu. mm., 70 per cent of the white cells being 
lymphocytes. No tumor cells were found. 

The red blood cells numbered 3,845,000, 
white cells, 7,800 per cu. mm. The differential 
count was normal. Hemoglobin was 13 gm., 
non-protein nitrogen 32 mg. and serum phos- 
phorus 3.6 mg. per 100 ml. blood. Alkaline 
phosphatase was 5.3 Bodansky units. Urine 
examinations were negative. The calcium in 
urine ranged between 9 and 11 mg. per 100 ml. 
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No Bence-Jones protein was found on numerous 
examinations. 

The patient’s course was steadily downhill. 
Repeated thoracenteses performed at intervals 
of two to three days yielded amounts of fluid 
varying from 600 to 1,100 ml. The character of 
the fluid changed from a sanguineous to a frankly 
chylous type but was always sterile on culture 
and contained no tumor cells. Decubitus ulcers 
appeared over the sacrum, he became more 
emaciated and died 180 days after the final 
hospital admission, two years and five months 
after the fracture of his clavicle. 

At necropsy, the body was thin and wasted. 
There was marked inflammatory edema of the 
tissues of the right thorax, shoulder and neck, 
and a depression was present in the right clavic- 
ular region. When exposed these tissues ex- 
hibited diffuse phlegmonous inflammation which 
extended into the anterior mediastinum. The 
right clavicle and the first and second right ribs 
were missing and the third rib was thin and 
flat. The right scapula was atrophied and parts 
of it had disappeared. There was marked flexion 
deformity of both knees and large decubitus 
ulcers were present on the back. 

The right pleural space contained 2,000 ml. 
of milky fluid and the serous surfaces were thick- 
ened and sclerosed. The upper part of the 
thoracic duct was compressed and lost in the 
inflamed mediastinal tissues, thus leading to its 
obstruction. The heart was small, weighing 160 
gm. and was displaced to the left. The lungs were 
collapsed and atelectatic, especially on the right 
where dense adhesions were also present. The 
right testis was undescended and small, and lay 
in the inguinal canal. The brain was congested 
and edematous but the cervical portion of the 
spinal cord was soft and hyperemic. The bodies 
of the cervical and upper thoracic vertebrae 
were soft, reddish-gray and focally cystic. The 
lumbar vertebrae were normal. 

The most significant histopathologic changes 
were found in the soft tissues of the chest wall 
and mediastinum and in various bones, par- 
ticularly the ribs and the bodies of several 
cervical and upper thoracic vertebrae. In the 
soft tissues were found evidences of extensive 
chronic active cellulitis, with diffuse hyperemia, 
edema and inflammation. Many tissues, espe- 
cially fat, skeletal muscle and lymph nodes, were 
atrophied and diffuse interstitial fibrosis was 
present. Perineural inflammation and _ fibrosis 
were often so striking that many nerves were 
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compressed by either exudate or inflammatory 
scar tissue. 

Sections from portions of several ribs showed 
atrophy of bone, increased vascularity of mar- 
row and reduced hematopoiesis. The vertebral 
marrow was extremely vascular, large, blood- 
filled, thin-walled vessels practically replacing 
the normal fat tissue and causing great reduc- 
tion in hematopoietic activity. The vascularity 
was so significant as to lead to the diagnosis of 
hemangiomatosis (Fig. 4), a term proposed by 
A. Purdy Stout in 1946 (King’). 

Case u. I. G., a forty-four year old white 
man, was seen on February 11, 1953, by one of 
us (L. W. G.) with Dr. Charles M. Hanisch, 
consultant in Orthopedics to the Jamaica 
Medical Group of the Health Insurance Plan 
of New York City, who kindly placed the pa- 
tient’s previous record at our disposal. We are 
indebted to him for the privilege of recording 
these observations. 

The patient was first seen in June, 1949, by 
Dr. Nathan Brody at the Flatbush Medical 
Group of the Health Insurance Plan in Brooklyn. 
His chief complaint was of right shoulder pain 
which had been precipitated six months pre- 
viously when he reached for an object above his 
head, and which had continued intermittently 
since that time. During the last few weeks it had 
become more disabling and had extended to the 
neck. The patient denied any history of trauma. 

Physically, no gross deformities or atrophies 
were noted. External rotation of the left arm 
was complete to 90 degrees; internal rotation to 
70 degrees. On the right, external rotation was 
to 80 degrees; internal rotation to 50 degrees. 
Sensitive areas were present over the upper part 
of the right scapula and over the head of the left 
biceps. Neurologic examination was negative. 
Roentgenograms on August 16, 1949, revealed 
absence of the outer third of the right clavicle 
with some gouging of the middle third, while the 
inner third appeared normal. The _ chest 
was negative. The following laboratory tests 
were within normal limits: sedimentation time, 
blood calcium, blood phosphorus and alkaline 
phosphatase. 

A tentative diagnosis of neoplasm involving 
the clavicle was made. 

An x-ray examination on March 31, 1951, 
showed complete absence of the lateral half of 
the right clavicle and of the entire coracoid 
process. The upper margin of the right scapula 
and part of the glenoid process were destroyed 
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Fic. 4. Case 1. Microscopic section of vertebral marrow 
showing large thin-walled capillaries filled with red 
blood cells. 


and the remaining portion of the scapula and 
the right humerus exhibited marked deminerali- 
zation. A series of deep x-ray treatments were 
given. 

In December, 1949, a biopsy was performed 
by Dr. Frederick M. Smith, at the Presbyterian 
Hospital, New York. A tentative diagnosis of 
hemangio-endothelioma was considered. How- 
ever, no definite diagnosis was made. Therefore 
the disarticulation and intrascapular thoracic 
amputation, which had been under considera- 
tion, were not undertaken. In April, 1951, the 
patient developed an abscess in the right triceps 
and was treated with antibiotics. He was then 
admitted to the Horace Harding Hospital with 
fever of 104°F., where incision and drainage were 
performed by Dr. Hanisch. About a quart of 
fluid was obtained. In a month the patient had 
recovered and his course was uneventful until 
December, 1951, when there was recurrence of 
the swelling which was again treated with 
antibiotics and aspiration until it subsided. 

The patient was last seen at this Clinic in 
August, 1952, at which time he fell from a ladder, 
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Fic. 5. Case 1. Roentgenogram of chest showing partial 
disappearance of the right clavicle. 


suffering a fracture of the right humerus with no 
displacement. The arm was placed in a sling. He 
continued to work and did not report again to 
the Clinic. He considered he had entirely re- 
covered at the end of three months. An x-ray 
report on August 15, 1952, stated: ‘‘Part of the 
clavicle has been resected and osteo-arthritic 
changes are seen in the glenoid fossa of the 
scapula. Fracture of the neck of the humerus is in 
good position.” 

When seen by one of us (L. W. G.) on Febru- 
ary 11, 1953, physical examination was entirely 
negative except for the right shoulder. Over the 
anterior aspect of this was a semicircular 8 inch 
scar. The middle end of the right clavicle was 
palpable, the outer third having entirely disap- 
peared. Movements of the right shoulder were 
restricted. X-ray (Fig. 5.) showed essentially 
the same findings recorded on March 31, 1951. 


REVIEW OF REPORTED CASES 


Case 1. (Jackson’—1838.) In 1819 an eight- 
een year old boy fractured his right humerus. 
Twice thereafter, within a short period, he 
fractured the bone again. After the last frac- 
ture the humerus began to disappear and after 
twelve years it was little more than a flexible 
fibrous band surrounded by well developed 
muscles. No further change occurred. The pa- 
tient died at the age of seventy at which time the 
arm was removed and placed in the Warren 
Museum at the Harvard Medical School where 
it is today. No histologic examination was made. 

CasEu. (Thoma, K. H.'*—1933.) This thirty- 
six year old housewife suffered pain and then 
pathologic fracture of the jaw following her 
third pregnancy. Roentgenograms showed pro- 


Disappearing Bones—Gorham et al. 


gressive atrophy of the mandible which, after 
twenty months, was completely resorbed leaving 
only a flexible membrane. Biopsy showed cellular 
vascular fibrous tissue about the resorbed mandi- 
ble with large vascular spaces about residual 
bone trabeculae. During the next four years 
other bones, notably the maxillary, palatine and 
sphenoid, became similarly involved and the 
patient died during an operation for possible 
parathyroid tumor. 

Case 11. (Dupas, Badelon and 
1936.) A twelve year old boy fractured the 
second left metacarpal bone and five years later, 
the third. Roentgenograms at the time of the 
second fracture showed disappearance of the 
second metacarpal. In six months the third 
metacarpal had resorbed and little by little the 
two last metacarpals, the carpal bones and the 
first phalanx of the index finger also disappeared. 
Left brachial sympathectomy was ineffectual. 
At the age of twenty-two the patient had a soft, 
paddle-like hand with only remnants of digits. A 
biopsy from the hand showed fibrous tissue rich 
in blood vessels. When last seen in March, 1953, 
the patient, a letter carrier, stated that he rides 
his bicycle every day. 

Case tv. (Simpson'*—-1937.) A fourteen year 
old girl tripped and fell in 1926, injuring the left 
foot which caused swelling and tenderness of the 
tarsus and metatarsus. After twenty-two months 
the third, fourth and fifth metatarsal bones, the 
cuneiforms and the tarsal navicular had under- 
gone decalcification. During the following year 
further decalcification occurred and in 1931, 
five years after the original injury, no bony 
substance remained in the third and fourth 
metatarsals and only the outline of the fifth 
could be seen. A biopsy of the fifth metatarsal 
showed lack of calcium, enlarged cancellous 
spaces and replacement of the marrow by 
vascular fibrous tissue. From 1933 to 1936, *‘the 
patient walks and cycles freely and dances and 
plays golf without difficulty.”” Report of June 
13, 1953, ‘“‘age 39, general health good, able to 
work and cycle.” 

CasE v. (Mouchet and Rouvillois'*—1937.) 
In May, 1912, a twelve year old girl fell on her 
left hip and two months later fell again. Soon 
after the second fall she began to drag the left 
foot and then to limp, and the muscles of the left 
leg became atrophied. In October, 1912, and 
again in 1914, roentgenograms showed almost 
complete disappearance of the left ischiopubic 
bones with destruction of the acetabulum. By 
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1937 there had been no notable change either 
clinically or radiologically. No biopsy was ever 
made. In March, 1953, the disease had not 
progressed. 

Cas—E vi. (Radulesco'*®—1937.) In 1926 a 
fourteen year old boy fell and injured his wrist. 
Eight months later roentgenograms showed com- 
plete absence of 5 to 6 cm. of the lower radius 
with extensive decalcification of the epiphysis. 
The carpal bones were also decalcified. No 
biopsy was performed. Follow-up in this case 
was impossible. 

Case vu. (Richard'*—1937.) In 1916 a 
thirty year old man sustained an injury to his 
left thigh as a result of a shell explosion. Twelve 
years later the upper two-thirds of the left 
femur showed osteolysis which progressed 
slowly to involve the lower portion, particularly 
the epiphysis. No biopsy was taken. 

Cas—E vin. (Jackman*®—1939.) In 1932 a 
twenty-one year old groundsman complained of 
pain in the right hand after chopping wood. 


Tenderness was present over the middle meta-. 


carpal which was found roentgenographically 
to be markedly narrowed. Four years later this 
bone had almost completely disappeared and 
there was patchy erosion of the os magnum. The 
middle finger, because it was useless and inter- 
fered with movement of the adjacent fingers, was 
amputated, as was the os magnum. The patho- 
logic changes were described as conforming to 
those of “‘fibrocystic disease.” In May, 1953, 
this patient was well and was working. X-ray 
August 13, 1952, revealed only slight extension 
of the process. 

Case 1x. (Duval®>—1939.) In 1938 a fifty- 
cight year old woman had cholecystectomy for 
cholelithiasis. Pain developed in the left leg and 
foot and a plaster cast was applied for a month. 
Twenty-one months later she was admitted to 
the hospital with phlebitis and edema of the 
left leg. Roentgenograms showed disappearance 
of the lower third of the tibia and the fibula, 
erosions .of the middle third of the tibia and 
marked decalcification of the bones of the foot. 
No follow-up report. 

Cas—E x. (Mouchet and Simonin'*—1943.) 
In 1939 an eight year old girl fell on a stairway 
and injured her left arm, causing a supra- 
condylar fracture of the humerus and a subepi- 
physeal fracture of the lower end of the radius. 
During three weeks in a cast, when roentgeno- 
grams showed excellent reduction of both frac- 
tures, a typical Volkmann contracture de- 
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veloped. Three years later roentgenograms 
showed marked decalcification of the lower 
epiphysis of the humerus, the carpal bones, the 
proximal ends of the metacarpals and complete 
disappearance of the distal epiphysis of the 
radius with partial decalcification of the adjacent 
diaphysis. No biopsy was taken and no follow-up 
was reported. 

Case x1. (Branch*— 1945.) In June, 1944, a 
twenty year old colored soldier, otherwise well, 
complained of inability to raise his left arm 
above his head. This disability had begun one 
month previously after rifle drill when he noticed 
pain and discomfort in the left shoulder, fol- 
lowed later by restriction of movement. Roent- 
genograms showed changes in the left clavicle, 
scapula, humerus, ribs and thoracic vertebrae. 
Biopsy of an affected bone revealed the presence 
of abundant vascular channels, some containing 
numbers of red blood cells, in the medullary 
portion of the bone. Hematopoiesis was slight. 
One zone of fibrosis was found but there was no 
evidence of inflammation or tumor. Efforts at 
follow-up were unsuccessful. 

Case xu. (Nicod'*—1945.) In July, 1930, 
a fifteen year old girl suffered a spontaneous 
fracture of the lower third of the left ulna while 
exercising in a gymnasium. There was a ques- 
tionable history of a skiing accident some months 
before. Roentgenograms showed changes in the 
radius at the same level. In August, 1931, the 
patient fell while playing tennis and fractured 
the radius at the site of the previously observed 
abnormality. At this time there was marked 
decalcification of the radius and the ulna was 
reduced to a thin fibrous band. Biopsy of the 
ulna showed lacunar resorption of calcium and 
fibrosis of the marrow with blood-filled vascular 
channels, lesions which were thought to be 
inflammatory. By 1941 resorption of the radius, 
ulna and carpal bones had occurred and there 
was marked atrophy of the metacarpals. No 
follow-up was reported. 

Case xt. (King*—1946.) In April, 1941 an 
eleven year old boy fell from his bicycle, injuring 
his left knee which became painful, swollen and 
discolored. By February, 1942, the swelling had 
involved the thigh and the leg. The patient was 
admitted to the hospital in April, 1942, where 
1,500 ml. of sterile serosanguineous fluid were 
aspirated from the thigh. No fracture was present 
but a provisional diagnosis of hemangioma was 
made and mid-thigh amputation was performed. 
A network of blood vessels surrounding nerve 
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tissue was noted and the bone of the femur was 
very porous and broke easily. Histologically, 
great numbers of capillary blood vessels were 
found, particularly in those situations in which 
bony trabeculae were atrophic and widely 
spaced. 

Two months after the operation roentgeno- 
grams showed destruction of the upper part of 
the femur with probable involvement of the 
acetabulum. By February, 1943, the stump had 
become swollen and discolored and by x-ray, 
the head of the femur and the adjacent pelvis 
were involved. In April a biopsy of the tissues 
of the left groin showed an abundance of blood 
vessels, chiefly of venous type, extending into 
extensively sclerosed soft tissues. Focal aggrega- 
tions of lymphoid cells sometimes grouped about 
germinal centers were prominent. The lesion 
was interpreted as non-malignant and was 
designated as ““hemangiomatosis.”’ In July, 1944, 
roentgenograms showed progressive improve- 
ment, the punched-out areas in the affected bone 
apparently filling in. No follow-up report was 
obtained. 

CasE xiv. (Bickel and Broders'—1947.) 
In November, 1943, a five year old girl reported 
that fifteen months previously she had developed 
a painless limp. Roentgenograms revealed a 
defect in the left ilium. One month later the 
ilium, from the sacroiliac joint to the acetabu- 
lum, had disappeared and the head of the femur 
had telescoped into the pelvis. Biopsy was per- 
formed on December 21, 1943. The soft tissues 
were edematous and oozed straw-colored fluid. 
Small pieces of bone and cartilage were unsatis- 
factory for examination but the soft tissues dis- 
closed the presence of a lymphangioma which 
had infiltrated fat, fibrous tissue and skeletal 
muscle. 

By August, 1945, the left ischium was disap- 
pearing and a year later the left innominate 
bone had gone and dissolution of the pedicles, 
facets and spinous processes of the left sides of the 
vertebrae had occurred. Questionable involve- 
ment of the trochanter of the right femur was also 
noted. 

Follow-up report May 16, 1953: The patient 
suffers no pain but lives in a wheelchair. When 
she walks, she limps markedly. A second biopsy 
in December, 1948 was reported as hemangioma 
not lymphangioma. 

Case xv. (Murray and Smith—1949—Cited 
by Coley.*) In 1928 a twenty year old white wo- 
man injured her shoulder when she tried to catch 
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a child who was falling from a chair. Two weeks 
later she lifted a cake of ice and fractured the 
inner third of the clavicle. By the middle of 1929 
she had recovered and returned to work. In 
January, 1930, she felt pain on raising the arm 
and roentgenograms showed absence of the 
outer two-thirds of the clavicle. Ten months 
later the right scapula showed beginning resorp- 
tion. In December, 1933, the clavicle had prac- 
tically disappeared and the first rib was begin- 
ing to resorb. In January, 1935, biopsy of the 
remaining part of the clavicle was performed. 
Peculiar changes that could not be interpreted 
were found. The parathyroid glands were 
explored and found normal. Massive serosan- 
guineous effusion in the right chest occurred in 
September, 1935, and death occurred shortly 
thereafter. Autopsy disclosed pulmonary throm- 
bosis and chronic endocarditis. 

CasE xvi. (Liévre'®—1949.) In 1949 a 
twenty-one year old man presented himself with 
a thoracic wall defect which had been present for 
several years. In 1942 he had been examined 
and found normal. In 1945 he had had severe 
pain in the sternal costal area for two or three 
days but recovered. This pain, more severe, 
recurred the following year but again lasted 
only three days. In 1947 a defect in the sternum 
was found during a routine employment exam- 
ination. Most of the sternum had disappeared 
and the anterior portions of all the ribs were 
abnormal. The proximal ends of the clavicles 
could be brought into contact. 

In February, 1953, the defect in the sternum 
had become larger and the soft tissues of the 
chest wall were atrophic. The pericardium and 
aorta appeared to be directly beneath the skin. 
Biopsy showed greatly altered bone but the 
underlying pathologic process was not clear. 

Liévre at first considered this lesion to be 
congenital but now believes it is perhaps similar 
to the disease reported by Bickel and Broders' 
(Case xiv), although he warns against con- 
cluding that the fundamental defect is a 
lymphangioma. Follow-up February, 1953: The 
lesion has progressed markedly; the patient is 
thin, pale and dyspneic. 


COMMENTS 


Atrophy of bone following disuse is a well 
recognized phenomenon. Generally, however, 
the reduction in size of the affected bone is not 
great, takes a long time to develop and is rarely 
crippling. Atrophy following injury and inflam- 
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mation, of the type described by Sudek, is less 
common and usually produces symptoms refer- 
able to the atrophy, and may even lead to 
serious disability. It tends to progress fairly 
rapidly and results in greater degrees of atrophy 
than occur following disuse. However, the 
atrophied bone remains and may function to 
some degree. Osteolysis of considerable amount 
has been observed in rheumatoid arthritis, 
leprosy, malum perforans and congenital pseud- 
arthrosis. Atrophy which actually goes on to 
complete disappearance of the affected bone, 
leaving little but bands of fibrous tissue where 
the bone once was, is a most uncommon con- 
dition and has been reported, as we have noted, 
only infrequently. It is this latter condition which 
developed in the case of the two patients whom 
we have had the opportunity of studying. 

On the basis of data from our own cases and 
sixteen others which have been previously re- 
ported, this unusual disease occurs generally 
in children or young adults, only four of the 
patients being over twenty-one years of age. Ten 
were males; eight females. In fifteen cases 
there was a history of trauma, usually of minor 
character, at most associated with a fracture, 
sometimes of pathologic type. However, unlike 
Sudek’s atrophy which develops soon after 
injury, a long interval has usually elapsed before 
the osteolytic process has progressed far enough 
to give symptoms and then the striking and 
unexpected roentgenographic findings have 
often come as a great surprise. Thus one may 
question whether or not trauma plays a definite 
etiologic role or merely complicates a disease 
process already present and in the end helps to 
bring it to light. We are of the opinion that the 
latter is usually the case and that the trauma is 
merely incidental. 

This unusual lytic disease is not limited to any 
one bone but may involve a number of bones, 
notably the clavicle, scapula, ribs, sternum, 
humerus, radius, ulna, jaw, bones of the hands or 
feet, femur and pelvis. The slow disintegration 
affects both the cortical and cancellous elements 
of bone, progresses slowly and, while the process 
may stabilize, it usually continues until prac- 
tically all osseous tissue is gone, leaving only a 
fibrous band, presumably the periosteum, as a 
residuum. 

The most striking pathologic feature in all 
cases in which biopsy specimens have been 
studied is a vascular abnormality of some kind, 
chiefly an overgrowth of small thin-walled 
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vessels, a form of angiomatosis which in one 
instance was so striking that it suggested a 
malignant process. Generally, the vascular 
hyperplasia has been of blood vessel origin, only 
one case being considered at first to be lymphatic 
(Case x1v) but later reclassified asa hemangioma. 
None of the angiomatous changes, however, 
have been considered malignant and in nearly 
all cases the vessel overgrowth has not been even 
neoplastic. In our first case the soft tissues of the 
thoracic wall and the mediastinum as well as the 
marrow of certain cervicodorsal vertebrae were 
acutely inflamed, yet in our opinion this in- 
flammation represented a complication of the 
underlying pathologic defect, though it may 
have contributed indirectly to the lytic process. 

What part, if any, do the angiomatous changes 
play in causing the massive osteolytic changes 
found in these cases? We believe they play an 
important role although the mechanism by 
which bone dissolution is brought about is not 
altogether clear. It may well be that arterial 
blood is present in excessive amounts since the 
angiomatosis is generally of thin-walled capillary 
type. This form of active hyperemia might well 
be responsible for a disturbance in the balance of 
osteoblast-osteoclast activity so that there is an 
excess of bone destruction over bone formation. 
The result after a prolonged interval would be 
gradual resorption and lysis of bone. This 
concept is in harmony with the generally ac- 
cepted thesis that active or arterial hyperemia 
may lead to destruction of bone while passive 
congestion favors bone formation. 

An inflammatory process is another type of 
lesion that might affect bone growth indirectly. 
Hence an extensive phlegmonous inflammatory 
process such as was found at autopsy in our 
first case, as well as the secondary diffuse 
fibrosis that resulted from it, may have sur- 
rounded and compressed many nerves and also 
led to atrophy of many tissues other than bone. 
Trophic disturbances following nerve injury 
from any cause are well known and in this case 
the nerve lesions may have supplemented the 
angiomatosis in causing such extensive osteolysis. 
Such trophic changes, however, could be con- 
sidered of only minor significance since wide- 
spread permanent injury of peripheral nerves 
ordinarily does not result in bone changes such 
as we have reported. 

This unusual disease of bone progresses slowly 
and may cease to advance after a period of 
years. Only in our first case did the process 
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inexorably lead to the patient’s death and in 
only two of the other cases (11 and xv) did the 
patients die, the bony lesions presumably play- 
ing no part in causing their deaths. 


SUMMARY 


1. Two cases of an unusual form of massive 
osteolysis, one with a report of autopsy findings, 
are described and sixteen similar cases from the 
medical literature have been briefly reviewed. 

2. This remarkable disease affects chiefly 
children or young adults; males and females 
about equally. 

3. Trauma, usually slight, is a common 
though probably only an_ incidental initial 
complaint. 

4. Angiomatosis, usually hemangiomatosis, 
has been found in the affected bones or in the 
surrounding soft tissues in a significant number 
of cases to make it a possible etiologic factor by 
causing a disturbance in the balance of osteo- 
blast-osteoclast activity. 

5. Diffuse inflammation of the soft tissues 
about the affected bones may play an indirect 
role in causing bone atrophy by irritation or 
compression of peripheral nerves thus leading to 
trophic disturbances not only in bone but in 
other tissues as well. 
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Review 


Respiratory Recovery Rates 


after Poliomyelitis’ 


JoHN F. MARCHAND, M.D. and AARON T. MARCUM, M.D. 
New York, New York 


EAKNESS or loss of the muscular move- 

\ \ ments of respiration after poliomyelitis 

is regularly associated with extensive 
paralysis of the trunk and extremities. Mental 
acuity is spared. The practical salvage prospects 
for such a suddenly disabled patient depend 
therefore on suitably timed management di- 
rected to control of medical complications, 
provision of adaptive equipment, new motiva- 
tions, a gradual transition to altered use and 
compensatory hypertrophy of remnants of the 
primary or accessory muscles of respiration 
along with other muscles. A makeshift provision 
for perfunctory custodial care becomes an 
extravagant, unrewarding expense in the absence 
of a treatment schedule meeting these needs. 

A five-year increase in the paralytic polio- 
myelitis attack rate, more effective medical care 
at the acute stage, and an advance in methods 
for mechanical artificial respiration have been 
followed by the recent survival of over 1,000 
respirator-bound young persons in the United 
States, a number grossly overtaxing available 
facilities for needed treatment. Although life 
expectancy remains long in the physical sense, 
the medical corrective measures required can be 
effective if timed to minimize deterioration and 
the inevitable expense of life-long care. When 
helped promptly by control of medical com- 
plications and by adaptive measures, those young 
paralytics strive for a phenomenal degree of in- 
dependence and resumption of a productive 
life. A comparison of the respiratory recovery 
rates of twenty recently convalescent _polio- 
myelitis patients treated under emergency con- 
ditions highlights one aspect of this compre- 
hensive care problem. 

Survivors of a 1952 poliomyelitis epidemic 


included fourteen quadriplegic respiratory crip- 
ples remaining in an improvised area of the 
Louisville General Hospital on March 1, 1953. 
During eight following months of medical man- 
agement under the direction of the authors six 
more recent poliomyelitis victims with impaired 
respiratory function were admitted or trans- 
ferred to the same area on an emergency basis. 
Unacceptable at general rehabilitation centers 
throughout the country, none of these exten- 
sively paralyzed children and young adults could 
be offered placement at that time for suitable 
convalescent treatment. Mechanical respiratory 
equipment was available, however, to sustain 
vital function pending such placement.f The 
sixteen cases dating from 1952 and four from 
1953 illustrate varying rates and degrees of 
respiratory recovery and some influences on the 
rate of recovery. 

Although the most rapid improvement fol- 
lowed early regeneration of the diaphragm, 
respiratory recovery to a limited extent also 
occurred in a year or more following recovery 
of only a portion of the diaphragm, or through 
hypertrophy and new habituation of remnants 
of voluntary accessory respiratory muscles. For 
example combinations of the pretracheal mus- 
cles, the platysma, one or both sternomastoid 


t The mechanical respiratory equipment supplied by 
the National Foundation included: tank irators and 
rocking beds manufactured by the J. H. Emerson Co., 
Cambridge, Mass.; a tank respirator made by the 
Warren E. Collins Co., Cambridge, Mass.; chest cuirass 
respirators by the J. J. Monaghan Co., Denver, Colo.; 
and chest-abdomen cuirass respirators by Conitech, Ltd., 
New York, N. Y. The patients were fitted with wheel- 
chairs made by the Everest and Jennings Co., Los 
Angeles, Calif. A description of such equipment is 
available from the suppliers. 


* From a provisional Center for Poliomyelitis of the University of Louisville, Louisville, Ky. Aided by a grant 
from the National Foundation for Infantile Paralysis. 
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muscles, and remnants of rib muscles became 
capable of raising the rib cage for inspiration, 
while enlarging remnants of muscle in the 
abdominal wall aided expiration. Self-taught 
frog breathing, glossopharyngeal breathing, * 
was of supplementary value to one patient in this 


Fic. 1. Case 1. Solid black indicates a summation of the 
proportion of the day spent in a tank respirator, diago- 
nal hatching the proportion in a cuirass respirator and 
horizontal hatching the proportion on a rocking bed. 
Use of the rocking bed increased after October, 1953, 
when this record ended. . 


group. In extreme cases muscles of the trunk and 
extremities remained valueless but good use was 
made of improved mechanical aids. Of five 
respiratory paralytics observed by the authors at 
the acute stage four made a rapid recovery; the 
fifth remained extensively paralyzed but trans- 
ferred to a rocking bed and chest-abdomen 
cuirass respirator schedule in two months. 
These respiratory cripples illustrate several 
of the care problems which follow paralytic 
poliomyelitis. For brevity, however, the details 
of paralysis and joint fixation are summarized 
rather than itemized and routine laboratory 
reports or treatments are omitted unless of 
special interest. All the patients of the series 
developed stiff joints and atrophic muscle con- 
tractures inadequately managed by bracing or 
physical therapy and unaided by occupational 
therapy. In the months prior to March, 1953, 
they were subjected under varying medical 
direction to successive forced trials of insuffi- 
cient mechanical aid or unassisted respiration. 


Cases 1 and 11 were the most extensively and 
irreversibly paralyzed of the group. Each ulti- 
mately learned to transfer at will from the tank 


eal breathing by 


*Dan, C. W. Glossopharyng 
paralyzed patients. California Med., 75: 217, 1951. 
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respirator to less complete but otherwise more 
satisfactory respiratory aids such as the chest- 
abdomen cuirass respirator and the rocking bed. 

Case 1. Skeletal a@nd_ respiratory paralysis; 
anorexia and undernutrition; paralytic ileus; fecal 
impactions; thrombophlebitis; hypertension; acne. D. A. 
T., a schoolboy seventeen years of age, had a 
dry cough for two weeks, constipation, fever and 
a stiff neck one week after a brother age six 
became ill and partially paralyzed. On October 
26, 1952, he entered the hospital with a rectal 
temperature of 104°F., a pulse rate of 110 beats 
per minute, a respiratory rate of 20 per minute 
and an arterial blood pressure of 130 mm. Hg 
systolic and 60 diastolic. A day later weakness 
and dyspnea made necessary a chest respirator, 
then a tank respirator and then tracheotomy 
because of inability to swallow. The skeletal 
muscles from the chin down became paralyzed 
and for a week the bladder ceased to empty with- 
out the aid of a catheter. In the following months 
he took nourishment poorly, remained emaci- 
ated, had frequent fecal impactions and had 
two brief attacks of paralytic ileus. There was 
thrombophlebitis of the left leg for two weeks in 
March, 1953. Throughout March, April and 
May an arterial hypertension of 140 to 160 mm. 
Hg and 110 to 125 diastolic was followed by a 
decline in October to 130 systolic and 90 
diastolic. The urine specimens contained only a 
few casts and erythrocytes. In September and 
October the nutrition improved, although motor 
paralysis below the face level remained virtually 
complete. 

Respiratory schedule: In December, 1952, 
and thereafter there were unsuccessful attempts 
at use of a chest-abdomen respirator for up to 
two hours. Because of emaciation it was difficult 
to fit such a cuirass. After the nutrition im- 
proved, however, he learned to divide up to 
five hours a day between time on a rocking bed 
and time in a chest-abdomen cuirass respirator. 
The vital capacity* of this 5 foot, 64% inch 
boy never exceeded the negligible value of 
25 ml. (Fig. 1.) 

Case 11. Skeletal and respiratory paralysis; pul- 
monary hemorrhages, atelactasis; anxiety and depres- 
ston; acne, hirsutism, amenorrhea; fecal impactions; 
decubitus ulcer of neck; undernutrition; pyelonephritis, 
renal calculi. B. A., a fourteen year old school- 


* The vital capacity was measured by a Sanborn 
Metabular basal metabolism apparatus used as a 
spirometer. Except as noted, the vital capacity was 
measured while the patient was in a supine position. 
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girl, had coryza followed by a cough for three 
weeks. On September 23, 1952, she felt chilly, 
the neck was stiff and painful, and the left arm 
weak. After a sleepless night she entered the 
hospital with a fever of 101°F., a respiratory rate 
of 48 per minute and obvious respiratory distress. 
Accessory muscles of respiration about the neck 
and nostrils were active, the breathing shallow 
and mechanical respiratory aid became neces- 
sary. Cough, gag and swallowing movements 
were inadequate and both arms were weak. 
There was a blotchy erythema over the trunk. 
The urine was concentrated and acid and gave 
an albumin reaction graded 2 plus by the heat 
and acetic acid test. On the ninth day in the 
hospital tracheotomy was performed. Nursing 
care of this depressed, agitated and demanding 
patient remained difficult. From the third week 
there were multiple episodes of pulmonary 
atelectasis and infiltration treated by frequent 
bronchoscopies through the tracheotomy. There 
were two unexplained but massive pulmonary 
hemorrhages. From the third month there were 
renal calculi associated with blood and gravel 
in the urine. From the fifth month these concre- 
tions assumed a stag horn configuration, while 
skeletal structures appeared more than usually 
translucent by radiography. For six months 
from November, 1952, there was a posterior 
ulcer of the neck under the respirator collar. 
There was a chronic urinary infection by gram- 
negative bacilli, but no hypertension. The 
paralyzed arms and legs became hirsute and 
there was acne vulgaris of the face which gradu- 
ally improved. After ten months the quadriplegia 
remained but enough abdominal muscle had 
returned to make possible a weak cough justi- 
fying removal of the tracheotomy tube. Menses 
ceased following onset of the paralysis. 
Respiratory schedule: On the first day in the 
hospital the twenty-four-hour trial of a cuirass 
chest respirator was unsuccessful and a tank 
respirator was required. After a month there 
was an unsuccessful trial of unassisted respira- 
tion for ten minutes followed on two successive 
days by similar trials for three minutes to the 
stage of asphyxia. These forced efforts were 
interrupted by pulmonary complications but 
there were occasional subsequent attempts at 
unassisted breathing up to nine minutes at a 
time for the first three months. Trials of a cuirass 
chest respirator for up to twelve and even twenty- 
four hours on a forced basis were ultimately 
limited by exhaustion and collapse. A trial of 
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graded intervals of unassisted respiration, from 
five to forty minutes, also led to exhaustion and 
resumption of full time use of the tank respirator. 
From the sixth to eighth month, on a less 
abruptly graded schedule, she learned to breathe 
unaided without fatigue for graduated intervals 


Fic. 2. Case n. Attempts at a rapid transfer from the 
tank respirator to a chest cuirass respirator in Decem- 
ber, 1952, the third month of disability, were followed 
by a relapse. Brief trials of unassisted respiration are 


shown by a margin of white space in February and 
March, 1953. A gradual increase in the use of a cuirass 
respirator and a rocking bed was tolerated over the 
final six months. See Figure 1 for key. 


which reached fifteen minutes, and to use of a 
rocking bed and cuirass chest-abdomen respira- 
tor alternately up to four hours a day. The vital 
capacity of this 60 pound, 5 feet, 41 inch girl did 
not exceed 100 ml. (Fig. 2.) 


Cases 1 to XI are an extensively paralyzed 
group who made fractional recoveries by regen- 
eration of a minor proportion of diaphragmatic 
function, and by enlargement of remnants of 
accessory respiratory muscles. 

Case m1. Skeletal and respiratory paralysis with 
partial é¢arly recovery; hypertension; bronchopneumonia; 
pyelonephritis. W. A., a thirty-one year old farmer, 
had nausea and a headache followed in a day by 
weakness of both legs. On June 3, 1953, in 
respiratory failure, he was incorrectly fitted with 
an inadequate portable type chest respirator 
for transportation 130 miles by ambulance. 
Cyanotic and unresponsive on arrival at the 
hospital, he required a tank respirator at once, 
and recovered consciousness but remained 
apathetic and cyanotic. The rectal temperature 
was 102°r. Tracheotomy was necessary, and 
pink mucus was aspirated from the airway. For 
the following week repetitious aspiration by 
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tracheal catheter was necessary for removal of 
mucus, purulent matter and firm bronchial 
plugs with a fetid odor. The initial arterial 
blood pressures of 180 mm. Hg systolic and 120 
diastolic declined to normal after four days. 
There was pyuria and a mixed urinary infection 
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dry and irregularly erythematous. A_ tank 
respirator was required but no tracheotomy. 
During three months of tube feeding and forced 
trials of a chest cuirass respirator this patient 
remained emaciated but developed arterial 
hypertension. At 5 p.m. on December 29th, after 
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Fic. 3. Case rv. In the third month following the onset of paralysis there was a 
transient but critical hypertensive episode with papilledema, delirium and con- 


vulsions. 


following the catheterization. To drain the 
bronchi, the foot of the respirator was frequently 
elevated. This patient, 6 feet, 3 inches tall, did 
not fit the standard tank respirator; the superior 
aspects of both shoulders became temporarily 
ulcerated by pressure. Within two weeks on 
postural drainage the cyanosis disappeared and 
he was transferred completely to a schedule of 
alternation between a cuirass chest-abdomen 
respirator and a rocking bed, although he oc- 
casionally felt dyspneic for an hour or two. 
While there was little recovery of use of the 
extremities, the vital capacity increased from 15 
to 300 ml. in six months. 

Case tv. Skeletal and respiratory muscle paralysis; 
hypertension, delirium, convulsions; amenorrhea; under- 
nutrition; pyelonephritis. R. W., a fifteen year old 
school girl, had a headache, backache, stiff neck, 
and weakness of the arms and legs for three days 
preceding her September 13, 1952, hospital 
admission because of respiratory distress. ‘The 
rectal temperature reached 102°F., the pulse 
rate 120 beats per minute, the respiratory rate 30 
per minute, the arterial blood pressure 130 mm. 
Hg systolic and 80 diastolic; the skin was hot, 


a history of recurrent unilateral headaches, there 
was a large visual scotoma followed in five 
minutes by a tonic-clonic bilateral contraction of 
the face muscles, downward deviation of both 
eyes for one and a half minutes, and a headache. 
After three such seizures fifteen minutes apart 
the patient appeared cyanotic and the alae 
nasae flared. The arterial pressure, noted a day 
later, had become 180 mm. Hg systolic, 150 
diastolic, and an ophthalmologist noted choked 
optic discs. Oral doses of 25 or 50 mg. of apreso- 
line® every six hours were followed by a tran- 
sient reduction in the arterial tension, but a trial 
of intravenous magnesium sulfate had no such 
effect. A prompt, near-fatal vascular collapse to 
a shock state halted the intravenous trial of a 
sympathetic blocking agent, arfonad,® on 
January 3, 1953. One day later the patient was 
confused and screaming with hallucinations of 
small animals. After another day the mental | 
confusion diminished and the optic fundi were 
interpreted as nearly normal, although the 
arterial tension was still 160 mm. Hg systolic 
and 140 diastolic. Dilantin® and phenobarbital 
were administered thereafter, by way of the 
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stomach tube. In March, after these anti- 
convulsant drugs had been stopped for a month, 
another seizure occurred and both were resumed 
despite the development of drowsiness and 
hypertrophic gingivitis. In the same month, 
following discontinuation of forced respiratory 
weaning efforts, the appetite returned and tube 
feeding became unnecessary. Acne vulgaris of 
the face improved after ultraviolet light therapy. 
Well defined hirsutism remained of the face and 
of the stiffened, wasted and useless extremities. 
There was an intractable urinary infection by 
mixed organisms but no evidence of renal 
calculi. The arterial hypertension gradually 
reverted to normal, as shown in Figure 3. 
Amenorrhea accompanied this paralysis. 
Respiratory schedule: Following a trial for 
three days, the chest cuirass respirator proved 
inadequate and a tank respirator became neces- 
sary. In October, November, and December, as 
the unassisted breathing capacity increased 
progressively from one to one and a half, then 
six and finally twenty minutes a day, she was 
pushed rapidly to full time use of a chest cuirass 
respirator for an interval preceding the collapse 
and hypertensive episode of the end of Decem- 
ber. A hasty transfer from the tank respirator 
and rocking bed began again in January and 
February, 1953. From March, 1953, to avoid 
further collapse and relieve the tube-feeding 
problem, the rate of withdrawal of mechanical 
assistance was sharply reduced to conform with 
the patient’s own estimate of tolerance and 
fatigue. In April, although she continued to use 
the tank respirator at night, ability to breathe 
unassisted had returned to the extent of five 
minutes twice a day, and the remainder of the 
day was divided between time in a chest cuirass 
respirator and time on a rocking bed. In the next 
six months there was a gradual transfer to full 
time reliance on the chest respirator and rocking 
bed, with intervals of twenty minutes unassisted 
three or four times a day, and use of the chest 
cuirass at night in place of the tank respirator. 
In August, when she began using a wheelchair 
for half-hour intervals while wearing the cuirass, 
the fluoroscope revealed a distinct movement of 
the right diaphragm but only a flicker of the left. 
Although there was only enough active muscle in 
the extremities to move the fingers slightly, 
enough abdominal muscle returned to allow a 
cough and justify closure of the tracheotomy. 
Whether in the supine or sitting position she 
learned to elevate the chest by contraction of a 


NOVEMBER, 1954 


hypertrophic right platysma, an enlarged left 
sternomastoid and the pretracheal muscles. 
During such respiratory movement while the 
patient was supine, the weight of the head bal- 
anced the force applied by these muscles to the 
thorax, but did not prevent the development of 


24- 
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Fic. 4. Case tv. The rapid transfer from a tank to a 
cuirass respirator in 1952 was followed by relapse and 
the hypertensive interval. A gradual transfer to a cuirass 
respirator and rocking bed schedule was relatively un- 
eventful in 1953, although the vital capacity did not 
improve. See Figure 1 for key. 


torticollis. This 63 pound, 5 foot, 1 inch girl had a 
slowly declining vital capacity of the order of 
300 ml. in the last half of the first year of her 
disability. (Fig. 4.) 

Case v. Quadriplegia with respiratory paralysis; 
hypertension; Raynaud's disease; atelectasis; pyelo- 
nephritis, renal calculi and nephrolithotomies. D. R. 'T., 
a seventeen year old store clerk, had a sore throat 
and cough on August 20, 1952, followed for ten 
days by constipation, myalgia, headache, weak- 
ness and pain in the legs. He was dyspneic and 
cyanotic when rushed to the hospital on the 
eleventh day, appeared critically ill and was 
unable to speak. He could grasp weakly with 
each hand and move the left forearm, but later 
lost these movements. He was placed in a tank 
respirator at once, treated with oxygen and 
parenteral fluids, catheterized periodically and 
had a tracheotomy on the fourth day. After two 
weeks in the hospital he had a refractory mixed 
urinary infection which persisted thereafter, an 
intermittent arterial hypertension amounting to 
130 mm. Hg systolic and 90 diastolic, and an icy 
cold dripping-wet condition of the hands and 
feet. Right upper lobe pulmonary atelectasis in 
February, 1953, was relieved following bron- 
choscopy. In the same month small calculi were 
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first seen in both kidneys. Because of febrile 
obstructive episodes a left ureterolithotomy was 
performed in July, and a left nephrolithotomy in 
September, each of these procedures followed 
by a gush of purulent urine from the obstructed 
kidney. The joints became stiff, and both arms 


18 yr. White Male 
Respiratory Aids: 


700 Tank Respirator 18 Ars. 
Chest-Abdomen 

Respirotor 3 Ars. 

6004 =Unassisted 3 Ars. 


: 


Vital Capacity - Supine (c.c.) 


Apr. Moy Jun. Jul. Aug Sep. Oct. 

Fic. 5. Case v. Six months of continuing effort to trans- 
fer the patient from a tank to a cuirass respirator were 
followed by relapse. Subsequent gradual transfer to a 
chest-abdomen cuirass respirator and to a rocking bed 
was temporarily interrupted twice, in June and 
September, 1953, by surgery for impacted renal calculi. 
An expanding vital capacity in the final six months 
permitted increasing intervals of unassisted respiration 
a year after onset of the paralysis. 


and legs remained paralyzed. He had mild acne 
but no unusual hirsutism. The cold and wet 
condition of the hands and feet was most strik- 
ing at times of stress but gradually improved. 
Respiratory schedule: Ten days after the 
original emergency placement in a tank respira- 
tor he made efforts at unassisted respiration for a 
minute at a time, but no respiratory movements 
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could be seen. After the first month there were 
forced trials of a rocking bed up to twenty-five 
minutes and of a chest cuirass respirator for 
thirteen hours for two days, followed by a 
relapse to physical exhaustion and a tolerance 
reduction to only half an hour a day in the chest 
cuirass respirator. Five subsequent months of 
effort at forced transfer to inadequate respiratory 
aid again led to exhaustion and continuous 
dependency on the tank respirator at the end of 
February, 1953. For four months from March to 
the ureterolithotomy in July the patient began 
frequent short graduated exercises at unassisted 
time, the chest-abdomen cuirass respirator and 
the rocking bed well within the limits of sub- 
jective tolerance and fatigue. He was taught 
to try exercising neck muscles frequently. During 
this interval hypertrophy of the sternomastoid 
muscle on the right and of the platysma bilater- 
ally became evident, and he learned to use these 
muscles against the weight of the head to raise 
the thorax for inspiration in either supine or 
semi-reclining positions. From two minutes of 
unassisted time in April he gradually progressed, 
despite the interruption for surgery in July, to a 
greater degree of independence. In May he spent 
two to five hours in the chest-abdomen cuirass 
respirator, one hour daily on the rocking bed 
and practiced two minutes unassisted every 
hour. In June and half of July he alternated two 
and a half hour intervals in the cuirass and on 
the rocking bed with seven to ten minutes of 
unassisted breathing. After the ureterolithotomy 
of July 15th he was kept in the tank respirator 
continuously for three weeks, but thereafter 
rapidly returned to the former schedule and 
increased the unassisted intervals to thirty 
minutes. In September, following the second 
lithotomy, he resumed almost full time use of the 
tank respirator for three weeks but continued to 
practice unassisted for half an hour to one hour a 
day in divided intervals. This 6 foot, 4 inch boy 
became well nourished in the final six months of 
his first year of disability. He increased his 
vital capacity over the same interval from 300 in 
May to 480 ml. in November, and learned to 
breathe three hours a day unassisted. (Fig. 5.) 
Case vi. Respiratory paralysis with quadriplegia; 
hypertension; undernutrition; decubitus ulcer of neck. 
M. H., a six year old schoolboy, had complaints 
of headache, vomiting, fever, pain in both legs 
and weakness of the left leg for a day or more 
before his October 1, 1952, admission to a 
hospital at Glasgow, Kentucky. The rectal 
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temperature was 106°F., the pulse rate 110 
beats per minute, the arterial blood pressure 
110 mm. Hg systolic and 70 diastolic, and the 
respiration apparently labored at 30 per minute. 
The neck was stiff and the muscles of the extremi- 
ties were tender. He became unable to move the 
arms or legs, or to empty the bladder. When the 
respiratory muscles failed, he was placed in a 
tank respirator but had no tracheotomy. In 
November there was bilateral bronchopneu- 
monia. In December and January, 1953, he 
spent increasing periods up to three hours a day 
of breathing without mechanical aid until he 
was transferred to the hospital in Louisville on 
January 13th. On the date of this move he ap- 
peared poorly nourished and chronically ill, and 
had a large respirator-collar pressure ulcer 
of the back of the neck. The pulse rate was 110 
beats per minute, the respiratory rate 24 per 
minute and the arterial blood pressure 180 mm. 
Hg systolic and 120 diastolic. Voluntary anterior 
neck muscles were active as each breath was 
taken. The arms, legs and trunk were completely 
paralyzed, and the joints limited in range. After 
reaching 200 mm. Hg systolic and 120 diastolic, 
the arterial blood pressures gradually receded 
over three months to 120 systolic and 70 diastolic 
in March. The ulcer of the neck healed in May 
after the patient emerged from the tank respira- 
tor; the nutrition improved and he learned to sit 
passively in a wheelchair while supported by a 
body corset. This preadolescent child had no 
dermatosis or unusual growth of hair. He became 
cheerful and appeared to accept his disability 
with equanimity. 

Respiratory schedule: After six weeks of 
continuous use of a tank respirator the patient 
was taken out on a schedule of unassisted time 
which increased rapidly in a month to three 
hours a day despite a generally poor condition 
and hypertension. This precipitous weaning 
schedule, carried through January and Febru- 
ary of 1953 to fifteen hours a day of unassisted 
time, ended with a relapse to almost full time 
dependency on the tank respirator at the end of 
February. In April he was placed on a gradual 
progression, adjusted each day within limits of 
subjective fatigue, to the rocking bed and unas- 
sisted time. The chest cuirass respirator was 
used as an exercise half an hour a day in the 
hope of maintaining or restoring some flexibility 
of the chest wall. In May, June, and July he 
slept in the tank respirator at night and divided 
the day intermittently between rocking bed time 
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and unassisted time. The ulcer of the neck 
healed. In July, after he had been spending 
eight hours a day unassisted, he elected pre- 
maturely to switch from the respirator to the 
rocking bed for sleep at night. Although he did 
sleep through, he rested less well on the rocking 


M.H., Syr. White Male 


Respiratory Aids: 
Rocking Bed 
Unoassisted 


/Onrs. 


Vital Capacity - Supine (c.c.) 


Mar. Apr Moy Jun. Jul. Aug. Sep. Oct. 

Fic. 6. Case v1. A relapse in the sixth month followed 
efforts at a quick changeover to unassisted respiration. 
Although the vital capacity increased to a plateau of 
only 300 ml. in the final months of observation in 1953, 
brief daily exercise in a cuirass respirator and a gradual 
progressive transfer to the rocking bed were undertaken. 
A return to the tank respirator for sleep was encouraged 
to assure adequate rest during this transition. 

bed at first; and in August and September he 
frequently returned to the tank respirator for 
better sleep. In October and November he 
alternated between rocking and unassisted time 
by three-hour shifts and slept all night on the 
rocking bed. Respiration was by anterior neck 
muscles, notably the enlarging sternomastoids, 
and by right diaphragmatic action first noted by 
fluoroscopy in May. In October there was a 
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positive Litten sign, a moving shadow of dia- 
phragmatic action on the right lower thorax. 
For inspiration in the supine position, the action 
of the anterior neck muscles was balanced by the 
weight of the head. He did not learn to balance 
the head well or breathe well sitting, since each 
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Fic. 7 Case vu. Attempts to break dependency on the 
tank respirator in four months following the onset of 
the paralysis were followed by signs of exhaustion and a 
need for prolonged respiratory aid. A more gradual 
transfer to the rocking bed and unassisted time was also 
interrupted by fatigue until use of the tank respirator at 
night was resumed. There was little increase in the vital 


capacity. 


respiratory effort pulled the head forward. Well 
nourished at 48 pounds, this 4 feet, 4 inches tall 
boy had a vital capacity which increased from 
100 to 300 ml. in the last eight months of his 
first year of disability. (Fig. 6.) 

CASE VII. 
atelectasis with pneumonia; breathing aided by 
glossopharyngeal movements. For three days a Negro 


Respiratory paralysis with quadriplegia; 
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schoolboy, E. J., age seven, had pain in the head 
and neck, nausea, constipation and finally 
paralysis of the right arm and leg. At the hospital 
on August 20, 1952, he had a rectal temperature 
of 103°F., a pulse rate of 130 beats per minute, a 
respiratory rate of 44 per minute, an arterial 
blood pressure of 96 mm. Hg systolic and 60 
diastolic. The neck was stiff. The chest did not 
expand with inspiration, and the left arm, right 
leg, back and abdominal muscles were weak. He 
required mechanical respiratory aid within a 
day and became paralyzed in all four extremities 
after six febrile days. In the third month there 
was right upper lobe atelectasis with pneumonia 
and fever. There was an unusually painful limi- 
tation of motion of the skeletal joints, par- 
ticularly the elbows and shoulders, associated 
with striking radiographic evidence of demineral- 
ization of the bone adjacent to these joints, but 
no hypertension, acne, hirsutism or renal 
calcification. He recovered no active muscle 
power in the trunk or extremities, but remained 
mentally alert and learned to sit in a wheelchair 
when supported by a corset. Enough neck muscle 
function returned to allow him to balance the 
head. 

Respiratory schedule: Because of a neuro- 
muscular respiratory failure on the second day in 
the hospital this boy was tried for six hours in 
a chest cuirass respirator and then placed in a 
tank respirator. He had no tracheotomy. After 
a week he began brief efforts at unassisted 
respiration amounting to six minutes at a time 
after the second month and up to five hours 
a day at the end of December. Through Jan- 
uary and February, 1953, he was carried on a 
precipitous schedule of transfer from the tank 
respirator to unassisted time until March, when 
he had remained unassisted for nine to fifteen 
hours a day but became tired and had to be 
put back on mechanical respiratory aid for a 
larger proportion of the time. Each breath still 
required obvious voluntary effort by accessory 
respiratory muscles, particularly the sternomas- 
toids. Sucking movements of the tongue and phar- 
ynx were also used at will to supplement the vol- 
ume of air inspired (frog or glossopharyngeal 
breathing). In April diaphragmatic action was 
easily visible on the right but only a slight flicker 
on the left side as observed by fluoroscopy; no 
Litten sign was noted until six months later. 
Over the final six months of the first year of 
disability there was a graded progression to nine 
or ten hours a day of unassisted time, and a 
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gradual substitution of the rocking bed for the 
tank respirator. A month after the transfer from 
the rocking bed to the tank respirator for sleep 
at night he became subjectively fatigued and 
resumed use of the tank respirator for sleep, 
although he continued to use the rocking bed and 
to spend ten hours unassisted during the day. 
The chest cuirass respirator was used for half- 
hour intervals daily as an exercise. In the final 
months of the first year of disability the vital 
Capacity measurements for this 33 pound, 4 feet, 
3 inches tall boy were between 200 and 300 ml. 
(Fig. 7.) 

Case vil. Respiratory paralysis and quadriplegia; 
recurrent atelectasis and pneumonitis; decubitus ulcer of 
neck; joint deformity; pyelonephritis; undernutrition. 
C. H., a four year old boy, had fever and a sore 
throat, anorexia, irritability, lethargy, a stiff 
neck, weakness of both legs, followed by respira- 
tory distress in the ten days preceding a hospital 
admission on August 21, 1952. At the time of 
arrival on the ward he was unresponsive and 
cyanotic. The rectal temperature was 101°F., 
the pulse rate 100 beats per minute and the 
respiratory rate 54 per minute. The respiration 
was rapid and shallow; only the abdomen 
moved. The extremities and trunk did not 
move, the tendon jerk reflexes were absent, 
and the Brudzinski and Kernig signs were 
positive. After an eight-hour delay and a three 
hour trial in a chest cuirass respirator he was 
placed in a tank respirator where he became less 
cyanotic. He had no tracheotomy, although 
suction of secretions from the pharynx was 
necessary. Although he was able to take food 
and fluid by mouth, the nutrition remained poor 
and the general condition deteriorated as an 
ulcer of the decubitus type developed on the 
back of the neck under the respirator collar. 
Limited use of the fingers and of the toes of one 
foot returned. On October 10th, when trans- 
ferred to another hospital, he weighed 29 pounds 
but continued to lose ground through a series 
of complications including a febrile transfusion 
reaction, a mixed urinary infection and recur- 
rent pneumonitis requiring frequent bronchos- 
copy through a tracheotomy carried out in 
February. Throughout February and March he 
had pulmonary hemorrhages, recurrent intervals 
of cyanosis even with continuous oxygen 
therapy, and was thought to be in exodus. How- 
ever, the pulmonary and urinary infections 
gradually improved under treatment, and the 
chest films resumed a normal appearance except 
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as they reflected a general appearance of bony 
decalcification. 

On September 9th, when readmitted to the 
general city hospital for respiratory re-education, 
he was undernourished but mentally alert. He 
had a marked flexion deformity of the right 
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Fic. 8. Case vm. Early in convalescence daily efforts to 
break the dependency on a tank respirator were inter- 
rupted by pulmonary atelectasis and infection and a 
temporary transfer to another hospital, the stippled area 
of the graph being an interval during which no respira- 
tory record was kept. A partial changeover to lesser 
mechanical aids and unassisted time is shown over the last 
six months of observation. See Figure 1 for key. 


foot, and such a degree of stiffness of the joints 
that he could not be placed in a sitting position. 

Respiratory schedule: In the month after 
entering a tank respirator this child learned to 
breathe unassisted first long enough for a linen 
change, then for as long as forty-five minutes at a 
time if someone remained nearby. Although the 
action required much voluntary effort by 
anterior neck muscles, he was even pushed to 
four-hour intervals of unassisted respiration in 
the first week of October. In the four-month gap 
during which no respiratory records were kept at 
the hospital to which he had been transferred, 
the pulmonary complications noted made neces- 
sary the uninterrupted use of a tank respirator 
most of the time, and constant oxygen therapy 
was also provided. The recovery from May 
onward permitted a graduated transition to 
unassisted time, over six months, up to nine 
hours a day. When readmitted in September to 
the ward where other children with respiratory 
disability were present, he recovered confidence 
in cuirass respirators and rocking beds and 
learned to use each at will. This child had only a 
vestige of the sternomastoid muscles, but active 


C.H. 
2 
Pr 
Oo 3 
4 
= a 
a 
c 
4 
q 
= 
5 
oO 
— 
7 
@ 


692 


pretracheal muscles which helped move the 
thorax for inspiration. The paralyzed right 
diaphragm remained elevated, but movement 
of the left diaphragm was demonstrable by 
fluoroscopy. Although the weight of this 4 feet, 
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Fic. 9. Case 1x. Enough functional respiratory muscle 
was spared to permit an early transfer from the tank 
respirator to lesser aids. Unassisted time became allow- 
able after the first six months. The vital capacity 
remained too low for easy respiration. 
vital capacity of 300 ml. in November, 1953, was 
double the tidal air measurement. (Fig. 8.) 
Case 1x. Respiratory paralysis with quadriplegia; 
hirsutism and dermatitis; pyelonephritis and renal 
calcult; ureterolithotomy. For over two weeks M. O.., 
a forty year old housewife, had a sore throat, pain 
and a tingling sensation in the legs, back pain 
and weakness of the left leg followed by weakness 
of the right leg. Nausea, emesis and a headache 
preceded a July 27th admission to the hospital 
because of respiratory distress. The fever at 
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that time was 102°F., the pulse rate 100 beats per 
minute, the respiratory rate 40 per minute and 
the arterial blood pressure 124 mm. Hg systolic 
and 90 diastolic. The alae nasae were distended, 
the neck stiff, the breathing shallow and ir- 
regular, and both legs were paralyzed. During 
the twenty-seven-hour trial of a chest cuirass 
respirator, preceding use of a tank respirator, 
both arms became paralyzed and a tracheotomy 
became necessary. The tracheotomy was closed 
again after the second week and the patient 
transferred back by quick steps to full time 
reliance on the chest cuirass respirator. From 
November a rocking bed was substituted for the 
Cuirass over increasing proportions of the time. 
For a nine-month interval beginning in Febru- 
ary, 1953, the time in the chest cuirass respirator 
was progressively reduced in favor of a small 
increment in rocking bed time and a large 
increment, up to ten hours a day, in unassisted 
time. Respiration became easy in the supine 
position but remained tiresome and difficult 
in the sitting position. A moderate movement of 
the right diaphragm and a minimal movement 
of the left became demonstrable by fluoroscopy. 
When raising the chest for inspiration she 
contracted the pretracheal muscles and platysma 
bilaterally but had no use of the sternomastoid 
muscles. She learned to sit up comfortably, wear- 
ing a chest cuirass respirator, and recovered 
enough use of the right hand to write or feed 
herself when supported by slings. For a year 
following the trauma of the initial phases of the 
illness this woman had a recurrent itching, 
peeling dermatitis of the face comparable to 
sunburn, and striking hirsutism of the chin, 
neck, arms and legs. She had no hypertension, 
but did develop multiple small calcifications in 
both renal pelves and a left renal obstruction 
relieved by an immediate ureterolithotomy at 
the end of October. She resumed use of a tank 
respirator continuously for the two weeks be- 
tween the time of this operation and her trans- 
fer to a respirator center. A year after the onset 
of the illness the vital capacity measurements 
were of the order of 300 ml., the final reading in 
November being 350 for this 70 pound woman 
who was 5 feet tall. (Fig. 9.) 

Case x. Respiratory and skeletal muscle paralyses. 
For three days, W. B., a twenty-seven year old 
housewife, had a sore throat, headache, emesis, 
chills and pains in the legs and back. On the 
fourth day both legs became weak. On the 
morning of the fifth day, August 20, 1952, she 
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was transported 40 miles to a hospital in Lexing- 
ton because of shortness of breath. She did not 
remember being placed in a tank respirator but 
became aware of surroundings about two hours 
later. There was no difficulty with swallowing 
and no tracheotomy was performed, but both 
arms became weak. After remaining in a tank 
respirator for ten weeks she transferred to a 
rocking bed thirty minutes a day and learned to 
breathe unassisted for five minutes. She then 
gradually shifted to the rocking bed all day and 
used the tank respirator at night for sleep. From 
the beginning of 1953 she learned to remain on 
the rocking bed day and night, to sleep on it and 
to remain unassisted for three hours. In April an 
upper respiratory infection made necessary a 
return to the tank respirator for a three-week 
interval followed by a return to the previous 
schedule. Intervals of anxiety were associated 
with a diminished food intake, and enemas were 
needed for relief of constipation. On September 
23rd, when transferred to the hospital in Louis- 
ville, she appeared undernourished. There had 
been no acne, growth of hair, hypertension or 
renal calcification. She was able to breathe 
unassisted all day either sitting or lying supine, 
but a strong voluntary effort of bilaterally en- 
larged sternomastoid muscles was evident at 
each inspiration. Movement of the right dia- 
phragm was demonstrable by fluoroscopy. The 
trunk and legs had remained paralyzed, but she 
used the fingers and could write or feed herself 
with the right hand. The joints were too:stiff to 
allow a sitting position but she was able to 
breathe easily while strapped vertically to a 
standing bed half an hour a day. This 65 pound 
woman was 5 feet, 4% inches tall. The vital 
capacity in November was 430 ml. when she was 
supine and 390 when she was propped up at 
a 50 degree angle. She had learned to breathe 
unassisted all day, using voluntary neck muscles 
synchronously with the diaphragm, but was not 
able to breathe subconsciously during sleep. 
(There is no chart of this patient’s respiratory 
recovery.) 

Case x1. Quadriplegia with respiratory paralysis 
complicating previous right oleothorax for pulmonary 
tuberculosis. L. Z., a garment worker and mother 
of four children, entered the hospital on Decem- 
ber 3, 1952, the fourth day of an illness char- 
acterized by severe headache, nausea, vomiting 
and pain in both legs. When examined she was 
dyspneic and cyanotic. The left arm and both 
legs were paralyzed. In a tank respirator there 
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was an immediate improvement in the dyspnea 
and cyanosis. Prior to the paralysis of the dia- 
phragm which occurred at this time, the right 
side of the diaphragm had already been paralyzed 
temporarily, in 1949, by a crush of the right 
phrenic nerve and a pneumoperitoneum as 
treatment for active right upper lobe pulmonary 
tuberculosis with cavitation. After partial re- 
covery from the phrenic operation the upper 
third of the right lung was permanently col- 
lapsed by means of a paraffin pack, but the 
patient remained in fairly good health for almost 
two years prior to the attack of poliomyelitis. 
Paralysis of the diaphragms appeared by radi- 
ography to have allowed collapse of nearly all of 
the remainder of the right lung, and much of the 
left not already encroached by a shift of the 
mediastinum. Although able to take only small, 
rapid, shallow breaths even four months after the 
paralysis from poliomyelitis, this patient made 
striking progress in use of the rocking bed and 
unassisted respiration over a nine-month period. 
She learned to sit upright in a wheelchair, sup- 
ported by a corset, and to use the hands and 
arms for feeding and writing. The legs remained 
paralyzed and useless but were finally fitted with 
long leg braces which permitted use of a standing 
bed for thirty minutes daily. This patient made 
best progress in the final six months while on a 
diet which corrected her obesity. She had no 
dermatosis or unusual growth of hair, no renal 
calcification and no hypertension. 

Respiratory schedule: Although admitted in 
respiratory failure with asphyxia, the patient 
was placed in a tank respirator only after a trial 
of a chest cuirass respirator which failed to 
provide adequate pulmonary ventilation. Two 
weeks later trials of less effective respiratory aids 
were resumed. From December 18th she used 
a chest cuirass respirator eight minutes and 
remained unassisted five minutes a day. By the 
end of the month she was using the cuirass 
forty-five minutes, the rocking bed eighteen, and 
remained unassisted ten minutes when not in 
the tank respirator. In February she was on a 
rocking bed sixteen hours, unassisted two hours, 
and in a tank respirator the remainder of the 
time. In March she used a rocking bed for two 
and a half to five hours a day, remained 
unassisted ten or twelve hours, and reduced the 
time in the tank respirator from eleven hours a 
night to seven before resuming longer use of the 
tank respirator at night because of fatigue. In 
April she alternated every two hours during the 
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day between the rocking bed and unassisted 
time. In June she slept in the tank respirator 
from midnight to 7 A.M., spent three hours 
unassisted and used a tank respirator the re- 
mainder of the time. In July she slept on the 
rocking bed every night until 2 a.m. before being 
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Fic. 10. Case x1. A resumption of function by the dia- 
phragm was associated with a rapidly increasing vital 
capacity after four months of paralysis. The unusual 
progress of this overweight woman was made possible 
by nurses who lifted her repeatedly from the tank 


respirator to a rocking bed. 


transferred to a tank respirator. In August, 
September and October she was able to sleep on 
the rocking bed at night and breathe unassisted 
during the day except for occasional rest periods 
of an hour in the afternoon. Although she could 
breathe well either sitting or lying flat, she was 
most at ease when propped up to an angle of 
30 degrees. With each inspiration the anterior 
neck muscles, including the sternomastoids, were 


active in raising the thorax and the abdomen 
moved down slightly. By fluoroscopy there was 
evidence of a return of function of the diaphragm 
which was better on the left. This young woman 
was 5 feet, 6 inches tall and weighed 118 pounds 
after reducing. The vital capacity measurements 
increased progressively from 300 ml. in April to 
1,050 in the first week of November. (Fig. 10.) 


The twelfth patient achieved part-time re- 
spiratory independence by the use of enlarging 
accessory respiratory muscles, and without 
fluoroscopic evidence of a return of diaphrag- 
matic function. Although the anterior neck 
muscles so used were of the voluntary type, their 
use for respiration became sufficiently habitual 
to permit restful sleep when the action was 
aided by the motion of a rocking bed. 

Case Respiratory paralysis with quadriplegia; 
anorexia and undernutrition; recovery of partial re- 
spiratory independence without diaphragm; pyelone- 
phritis. From September 7 to 10, 1952, J. S., an 
eight year old girl, had malaise, anorexia and 
constipation. One day later, at the hospital, 
there was a fever of 103°F. by rectum, a 
respiratory rate of 45 per minute, an arterial 
blood pressure of 120 mm. Hg systolic and 60 
diastolic. The child was confused, unresponsive 
and unable to sit, but vomited from time to time. 
The neck was stiff, the Brudzinski and Kernig 
signs positive; the arms and trunk were para- 
lyzed except for a residual tremulous movement 
of the left hand. The loss of motor power in the 
legs was incomplete and for the most part 
transient. Following a trial of inadequate 
respiratory aid by a chest cuirass respirator 
and transfer to a tank respirator, on the first 
day, the arterial blood pressure reached its 
highest value: 150 mm. Hg systolic and 90 
diastolic. There was no hypertension thereafter 
and the optic fundi remained normal. Although 
there were no catheterizations for urinary 
retention, there was a urinary infection by 
gram-negative bacilli followed, after treatment, 
by the presence of a few red cells and casts in the 
urine sediment. For the first months, as the 
respiratory weaning efforts were pushed, there 
was a continuing nervous tension with irritabil- 
ity, enuresis and anorexia. Voluntary feeding 
occurred only in the presence of a member of 
the family, and the nutrition remained poor for 
six months. From April the emotional instability 
and nutrition improved and she learned to 
walk for up to five minutes at a time while 
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wearing a corset, although use of the hands and 
arms did not return. This child’s skin remained 
unblemished and the general condition was 
good at the end of a year. 

Respiratory schedule: After the unsuccessful 
trial of a chest cuirass respirator on the first 
day this girl remained in a tank respirator for 
two weeks and then began a series of trials of 
time on the rocking bed and time unassisted, 
but progress in this direction was curtailed 
by exhaustion, irritability and lack of respira- 
tory muscle power. After trials of unassisted 
respiration, advanced from five minutes to an 
hour in October, she became unable to breathe 
unaided for two weeks but continued use of a 
rocking bed for two more months and was placed 
on a rapidly progressing schedule of unassisted 
time for four months. In December she had 
become able to remain unassisted for up to four 
hours a day outside the tank respirator, but 
had an unsuccessful three-day trial at continuous 
use of a chest cuirass respirator. During January 
and February, 1953, she remained unassisted 
outside the tank respirator half of the time but 
showed signs of fatigue. For the next eight 
months she progressed best when encouraged to 
spend approximately half the waking hours at 
rest on a rocking bed and a full night for sleep 
in a tank respirator. In March, April and 
May the time for sleep at night in the tank 
respirator was increased progressively from five 
to nine hours before she could be given adequate 
rest. In June, on a stable schedule, she alternated 
by day between three hours unassisted and one 
on a rocking bed, slept on the rocking bed in the 
evening and reduced time in the tank respirator 
proportionately. Use of a cuirass respirator was 
resumed for one-half hour daily in an effort to 
preserve or restore flexibility of the chest wall. 
A decision by the patient to transfer completely 
from the tank respirator to a rocking bed in July 
proved premature, as she elected frequently 
during the next two months to return to the 
tank respirator at night for better rest. In 
October and the first week of November, how- 
ever, sleep on the rocking bed at night and in the 
afternoon appeared to provide adequate rest 
and the tank respirator was again abandoned. 
This girl’s respiratory movements appeared to 
depend entirely on voluntary accessory respira- 
tory muscles. A fluoroscopy in May had con- 
firmed the indications from direct observation 
that neither the diaphragm nor the intercostal 
muscles were functioning. Until she reached a 
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stable schedule permitting adequate rest through- 
out the day and at night, progressive fatigue 
of the small muscles used for respiration was 
reflected by a fall of the vital capacity between 
morning and evening. This girl learned to raise 
the rib cage for inspiration by means of enlarg- 
ing voluntary anterior neck muscles, chiefly 
the sternomastoid muscles. When sitting she 
used muscles of the abdominal wall to aid 
expiration. The muscles of the posterior neck 
and back were adequate to balance the head and 
trunk. In the last half of her first year of disabil- 
ity the vital capacity, as measured in the morn- 
ing, increased from 250 to a sustained plateau 
value of 300 ml. which remained consistent 
through the day only after the accessory respira- 
tory muscles used had become large and less 
easily tired. She was 4 feet, 3 inches tall and 


weighed 42 pounds. (Fig. 11.) 


Five patients, Cases xm to xvu, had an exten- 
sive loss of skeletal muscle and required a long 
course of mechanical respiratory aid although 
they recovered the ability to breathe inde- 
pendently within a year. Because of the risk of a 
relapse as a result of intercurrent illness or 
physical exhaustion from some other cause 
preceding recovery of an adequate reserve of 
respiratory musculature, such patients need to 
remain within reach of mechanical respiratory 
aid until an ample vital capacity and absence of 
signs of fatigue for many months indicates a 
wide margin of safety. Unexpected respiratory 
deaths have occurred among patients of this 
type hastily weaned and prematurely _re- 
leased as independent of mechanical respiratory 
equipment. 

Casexi. Respiratory paralysis with quadriplegia; 
hypertension; anxiety, anorexia, undernutrition, con- 
stipation, fecal impactions and diarrhea; recovery of 
partial respiratory independence. E. J., a twelve 
year old schoolboy, had fever, an occipital 
headache and a sense of faintness followed by 
generalized muscular tremors on the third day, 
September 23, 1952, when he was admitted to 
the hospital because of respiratory distress. 
The dyspnea and cyanosis was such that he was 
immediately placed in a tank respirator and had 
a tracheotomy. Two days later he was paralyzed 
from the neck down except for ability to move 
the toes. There was persistent cyanosis, ac- 
counted for by atelectasis of the upper lobe of the 
right lung and improved after a month. In the 
course of efforts at forced transfer from the tank 
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respirator to less adequate forms of respiratory 
aid he remained highly agitated, was considered 
a behavior problem and became hypertensive. 
From January, 1953, when the arterial tension 
reached 150 mm. Hg systolic and 120 diastolic, 
he remained hypertensive for nine months al- 


J.S., 8 yr.-White Female 
Respiratory Aids: 


&7004 Rocking Bed 14 hrs. 
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Fic. 11. Case xu. In the first six months a rapid change 
to unassisted time was hampered by emotional instabil- 
ity and fatigue. Even with more complete respiratory 
aid during the following year a decrease in the vital 
capacity between the morning and evening measure- 
ments suggested fatigue of the muscle remnants used for 
respiration. 

though the recorded pressures gradually de- 
creased to 120 mm. Hg systolic and 90 diastolic. 
However, he contracted no urinary infection 
and had no renal calculi. The specific gravity of 
the urine remained fixed below 1.013. During 
the first six months efforts at oral feeding pro- 
duced an emotional reaction with emesis, and 
the degree of emaciation created the impression 
of a living skeleton. Constipation and fecal 
impactions alternated with diarrhea. There was 
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a convulsive seizure in February treated by 
diphenylhydantoinate and phenobarbital until 
March. After forced weaning efforts were 
discontinued in favor of a respiratory schedule 
more Closely adjusted to tolerance and subjective 
fatigue, the appetite and bowel motility re- 
turned, the nutrition improved and the anxious, 
withdrawn social reaction was replaced by a 
warmer more confident emotional response and 
a novel display of initiative. The tracheotomy 
was closed in April following recovery of some 
abdominal muscle power and ability to cough. 
Although the hips and other joints had become 
stiff, he was fitted with a corset and wheelchair 
and learned to use a standing bed. Useful 
function returned in the right hand and forearm. 
The mental acuity was demonstrated by school- 
work and chess. There were no dermatologic 
complications during or after the stressful 
early phase of the illness. 

Respiratory schedule: After the initial month 
in a tank respirator forced trials at unassisted 
respiration and use of a chest cuirass respirator 
were undertaken. At the end of October the 
patient was breathing as long as fifteen minutes 
unassisted and was beginning trials up to one- 
half hour or more with the chest cuirass and later 
also with the rocking bed. In February the 
unassisted time was increased precipitously to 
five and then eight hours a day, and his condi- 
tion deteriorated in proportion until more 
adequate respiratory aid was reinstated on a 
schedule adjusted to tolerance and subjective 
fatigue. During April he slept in a tank respi- 
rator at night and alternated between unassisted 
respiration and use of the rocking bed every two 
hours during the day. In May he spent two 
additional hours daily unassisted. In June he 
rocked for an hour and remained unassisted for 
three hours alternately during the day, and 
slept on the rocking bed until midnight before 
transferring to the tank respirator. A chest 
Cuirass respirator was tried one-half hour daily 
in an effort to limber the chest wall. At the end 
of July he abandoned the tank respirator in 
favor of the rocking bed for sleep at night. Dur- 
ing the next two months, August and September, 
he became increasingly independent of the 
rocking bed. A year after the onset of the paraly- 
sis he had become fully independent of mechan- 
ical respiratory aid. Function of the left side of 
the diaphragm had been unmistakably evident 
for seven months by a well defined linear moving 
shadow, or Litten sign, over the left lower ribs. 
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By fluoroscopy it was confirmed that the left side 
of the diaphragm moved well although the right 
side did not. Used in the initial months con- 
tinuously for unassisted respiration, the sterno- 
mastoid and other anterior neck muscles were 
later brought into play only as needed for an 
extra large forced inspiration as for a measure- 
ment of the vital capacity. This boy was 4 feet, 
10 inches tall. Following a major improvement in 
his nutrition the weight reached 55 pounds. In 
the final six months of the first year of his disabil- 
ity the vital capacity increased from 400 to 
600 ml. (Fig. 12.) 

Case xiv. Respiratory paralysis and quadriplegia 
followed by recovery of respiratory independence and 
limited use of the hands and arms. For five days 
R. P., a seventeen year old male student, had a 
low fever, pain in the neck and upper back, 
vomiting attacks and generalized weakness. 
Admitted to the hospital on September 5, 1952, 
because of respiratory distress, he had a fever of 
103°r. by rectum, a pulse rate of 100 beats per 
minute, a respiratory rate of 30 per minute and 
an arterial blood pressure of 120 mm. Hg systolic 
and 70 diastolic. He was dyspneic. The alae 
nasae flared and the anterior neck muscles were 
active. The neck was stiff. With efforts at 
inspiration the thorax expanded only on the 
right side. The bladder was distended and 
palpable 3 cm. above the umbilicus. The patient 
was unable to void voluntarily. Although the 
cranial nerves had been spared, there was a 
marked weakness of all four extremities. He was 
placed in a chest cuirass respirator and had to 
be catheterized regularly for the first ten days. 
No tracheotomy was performed. Although 
afebrile after four days, he became completely 
quadriplegic for three weeks prior to partial 
recovery of the hands, forearms and right foot. 
The joints were kept fairly mobile but there was 
a striking atrophy of the forearms and legs. This 
patient spent much of his convalescence working 
with a ham radio transmitter. Following a 
tutoring course he was awarded a high school 
diploma while wearing a chest cuirass respirator 
at the June, 1953, commencement exercises of 
his class. A year after the onset of the paralysis 
he had been fitted with a wheelchair, had 
learned to feed himself when propped up and 
equipped with a sling for the right arm, and had 
learned to breathe without mechanical aid. 

Respiratory schedule: After six weeks of 
continuous reliance on a chest cuirass respirator 
there was a progressive shift over nine months to 
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full independence from the cuirass respirator 
and the rocking bed. A week after entering the 
hospital he had become able to breathe for five 
minutes without aid. In May he was breathing 
unassisted except for two to four hours a night on 
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Respiratory aids: 
Unassisted since 9/11/53 
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Fic. 12. Case xm. The attempted shift to unassisted 
time during the first six months of the paralysis was 
hampered by emotional instability and fatigue until the 
change was undertaken more gradually by way of the 
rocking bed. The rising vital capacity at the end of a 
year led to full independence from mechanical respira- 
tory aid. 

chest cuirass respirator when he sat up for 
meals. All use of either the rocking bed or the 
cuirass was discontinued after June 23rd. Both 
of the sternomastoid muscles had become mark- 
edly enlarged and acted to raise the thorax when 
they were balanced by the weight of the head 
and the patient was in a supine position. When 
the patient was propped to a sitting position, the 
relatively unused and atrophic posterior neck 
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and back muscles failed to compensate. With 
each effort at inspiration the head was therefore 
pulled forward instead of remaining in a stable 
position. It was evident by fluoroscopy that this 
patient recovered good use of the right but not of 
the left half of the diaphragm. The vital capacity 
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Transferred to Rehob. 
Center in Aug. ‘53. 


Vital Capacity - Supine (c.c.) 
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Fic. 13. Case xiv. Enough respiratory muscle was 
spared to permit use of a chest cuirass respirator from 
the beginning. Respiratory muscle exercises included 
daily use of the rocking bed. The vital capacity steadily 
increased. 

as measured between April and August in- 
creased with mathematical precision from 550 to 
725 ml. in the final five months preceding the 
independence of respiratory equipment which 
made him eligible for admission to a rehabilita- 
tion center. (Fig. 13.) 

Case xv. Respiratory and skeletal muscle paraly- 
sis; convulsions; recovery of respiratory independence. 
A. L., a twenty-two year old Negress employed 
as a beautician, entered the hospital on August 
28, 1952, with a history of constipation, fever, 


emesis and weakness of the arms for three days. 
The temperature was 105°F. by rectum, the 
pulse rate 90 beats per minute, the respiratory 
rate 30 per minute and the arterial blood pres- 
sure 120 mm. Hg systolic and 80 diastolic. The 
neck was stiff. Thoracic expansion was equal 
bilaterally, the respiratory rhythm was regular 
and there was no dyspnea. The arms were 
weak and the tendon reflexes of the arms and 
legs were absent. The Brudzinski and Kernig 
signs were positive. Because of respiratory distress 
on the third day after entry to the hospital she 
was placed in a chest cuirass respirator. After 
six days on this aid there was a convulsion 
classed as general although obvious only in both 
legs. She was afebrile after nine days but had 
another convulsion on the tenth before being 
transferred from the chest cuirass to a tank 
respirator. Concomitantly with the respiratory 
weaning schedule the patient was thereafter 
given diphenylhydantoinate and phenobarbital 
as anticonvulsant medication until March, 1953. 
The continuing paralysis included the arms and 
shoulders with the exception of an extremely 
weak and scarcely functional remnant including 
the brachioradialis, the extensor radialis, the 
long flexors of the thumb and long flexors of the 
fingers of the left hand. The muscles of the upper 
portion of the trunk were lost. With the excep- 
tion of the right anterior and posterior tibial, 
function of the leg muscles was preserved or 
recovered at the end of a year. A fair degree of 
function remained in the muscles of the abdomi- 
nal wall. From April onward walking trips 
about the ward were undertaken with the support 
of a corset and a long leg brace. This patient had 
no hypertension, renal calcification or derma- 
tologic sequelae. Following transfer to a center 
for needed training she learned to dress and 
take meals with the aid of adaptive equipment. 
Respiratory schedule: At the onset of convul- 
sions the chest cuirass respirator initially 
tried was deemed inadequate and was replaced 
on the tenth day by a tank respirator. Within 
the following month, however, she returned to 
full time use of the chest cuirass respirator and a 
two-week trial of an hour a day on a rocking bed. 
The portion of time spent in a chest cuirass 
respirator was then decreased rapidly in favor of 
unassisted time until February, 1953, when the 
cuirass was replaced by the rocking bed at night, 
and no mechanical aid was used during the day 
time hours. This patient became independent of 
the rocking bed at the beginning of June and was 
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bronchopneumonia, it had increased to 480 ml. 
when measured with the patient supine or sitting 


placed in a rehabilitation center at the end of 
that month. The respiratory musculature in- 
cluded the sternomastoid and other anterior 
neck muscles and the right but not the left 
half of the diaphragm. The abdominal muscles 
contracted to aid with expiration. The vital 
capacity increased from 550 ml. in May to 610 
ml. in June, when she became independent of 
mechanical respiratory aid, and to 700 ml. when 
measured three months later at a rehabilitation 
center. The chart of the gain in vital capacity is 
superimposed on that of the respiratory aids 
used. (Fig. 14.) 

Case xvi. Respiratory and other skeletal muscle 
paralysis; atelectasis and pmeumonia; recovery of 
respiratory independence. J. B., a five year old girl, 
had a headache, pain in the back and neck, fever 
and weakness. Admission to the hospital became 
necessary because of respiratory difficulty. 
The respiration had become rapid and shallow, 
and the thorax did not move. The neck was 
stiff, both arms and legs were weak, and the 
tendon reflexes of the extremities were not 
demonstrable. After three days of observation, 
during which the respiratory embarrassment 
progressed, she was placed in a tank respirator 
and a tracheotomy was performed. During the 
next four febrile months there was a succession 
of atelectases and pulmonary infections treated 
by frequent bronchoscopy through the tracheot- 
omy for removal of purulent or mucous plugs. 
The flexion and extension movements of both 
wrists and ankles were spared, but otherwise 
there was no effective movement of the extremi- 
ties. However, she learned to roll over in bed and 
to balance the head when propped in a sitting 
position and supported by a corset. Following 
transfer to an orthopedic hospital after seven 
months she was braced, fitted with a wheelchair 
and taught to walk a few steps. 

Respiratory schedule: After the initial two 
weeks in a tank respirator this child made 
a rapid transfer to a rocking bed and to un- 
assisted respiration. From the fourth month 
onward she used the rocking bed little, if at all, 
and appeared to have become independent of 
it. Little use was made of the sternomastoid 
muscles. Respiratory movements were carried 
out by means of the lower intercostal muscles, 
the left half of the diaphragm and the abdominal 
muscles. The vital capacity in May, 1953, when 
she was transferred from the respiratory ward, 
had reached 300 ml. At a follow-up examination 
in November, a month after an attack of 
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in a wheelchair. 


Fic. 14. Case xv. Enlarging accessory respiratory mus- 
cles and partial regeneration of the diaphragm led to 
independence from mechanical respiratory aid after ten 
months. The vital capacity increased for a longer 
interval. 

Case xvi. Respiratory paralysis and quadriple- 
gia; recovery of respiratory independence and partial 
use of the extremities; pyelonephritis with renal calcu- 
lus, ureterolithotomy. D. H., a thirty year old 
housewife who entered the hospital on July 28, 
1952, because of dyspnea, had been prostrated 
by the death from poliomyelitis of a three year 
old son six days earlier. For four days she had a 
headache, backache, fever and vomiting at- 
tacks, and for one day numbness with a tingling 
sensation of the hands and feet and progressive 
shortness of breath. Although told she had a 
rheumatic heart, she remembered no rheumatic 
fever. The rectal temperature was 102°F., the 
pulse rate 96 beats per minute, the respiratory 
rate 32 per minute and the arterial tension 
120 mm. Hg systolic and 80 diastolic. She be- 
came unresponsive and was believed to be 
moribund. The major skeletal muscle groups 
were weak and the tendon reflexes weak or 
absent. At the cardiac apex an easily audible 
systolic murmur was transmitted to the axilla 
and back. The spinal fluid contained 40 
lymphocytes per cu. mm. and 72 mg. of protein 
per 100 ml. After a twelve-hour trial in a chest 
cuirass respirator which proved inadequate she 
was transferred to a tank respirator and a 
tracheotomy was performed. The fever con- 
tinued for two weeks, after which the arms 
were partially and the legs completely paralyzed. 
The tracheotomy was closed for four days but 
reinstated. In the following months there was a 
refractory mixed urinary infection and a series 
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of bouts of bronchopneumonia. There was no 
hypertension but in March, 1953, following 
gross hematuria, a calculus was removed 
surgically from the left ureter. Over another 
two months of waiting for admission to a re- 
habilitation center she undertook to feed herself 
with the left hand, to walk with a body brace 
and long leg braces, and to go home for short 
visits. This woman developed the usual stiffness 
of the extremities, particularly of the shoulders. 
The entire right arm and the upper portion of 
the left arm remained of little value but there 
was a fair recovery of strength in the left hand 
and forearm. There were joint fixations and 
contractures of the fingers of both hands. The 
entire left leg and the lower portion of the right 
leg remained paralyzed. 

Respiratory schedule: Over a_ six-month 
interval there was a rapid two-month shift 
from use of a tank respirator to use of a chest 
Ccuirass respirator, and a somewhat less swift 
transfer, most of it in four months, to unassisted 
respiration. Little use was made of the rocking 
bed. After seven months the ability to cough 
had returned and the tracheotomy was closed. 
Respiratory movements were aided by hyper- 
trophic sternomastoid muscles and other ante- 
rior neck muscles, but not by intercostal muscles. 
Atrophy of the intercostal muscles left the ribs 
unusually prominent. The recovery of function 
of the diaphragm, as noted by fluoroscopy, was 
good on the left and partial on the right. In 
April and May, after freedom from dependency 
on mechanical respiratory aid for five months, 
the vital capacity measurements reached 700 
and 750 ml. 


Case xvill. Respiratory paralysis with quadri- 
plegia; hypertension; gastric dilatation; rapid recovery 
of partial respiratory independence. R. M., a sixteen 
year old schoolgirl, had a headache, fever and 
sore throat for two days. Unable to walk unsup- 
ported, she was admitted to a local Kentucky 
hospital. One day later the hands and arms were 
tingling, both arms were weak and the voice 
was nasal. From the fourth day inability to 
void was relieved by an indwelling catheter. 
Dyspneic on the fifth day, September 17, 1953, 
she was moved 240 miles by ambulance to the 
hospital in Louisville, where she arrived in 
obvious respiratory difficulty. The rectal tem- 
perature was 102°r., the pulse rate 120 beats per 
minute, the respiratory rate 32 per minute and 
the arterial pressure 120 mm. Hg systolic and 80 
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diastolic. ‘The respiration was rapid and shallow 
but regular, the speech jerky and reluctant. 
Swallowing was a slow process. The neck 
was stiff. Paralysis of the arms and _ legs 
appeared complete except for the fingers and 
toes. The blood count was within normal limits 
but there was pyuria. The cerebrospinal fluid 
collected on the fourth day of illness contained 
56 lymphocytes and 4 polymorphonuclear 
leukocytes per cu. mm. and 65 mg. of protein 
per 100 ml. There was a possible glove-stocking 
hypesthesia of short duration. There was a 
transient arterial hypertension which reached 
140 mm. Hg systolic and 100 diastolic, and 
subsided again in the first week concomitantly 
with generalized intractable muscular pains. 
Nourishment was well taken after two days. 
The urinary infection was controlled after the 
first week. After a month a five-day interval of 
gastric distention made gastric aspirations and 
parenteral fluid therapy necessary. After two 
months the respiratory recovery was progressing 
uneventfully when arrangements were com- 
pleted for transfer to an established center for 
respiratory care and rehabilitation. 

Respiratory schedule: Immediately after she 
reached the hospital the patient was placed in a 
tank respirator, although she had not yet 
reached the stage of complete respiratory 
paralysis and could breathe for five minutes at a 
time without assistance. After six days on the 
ward and four without fever she was encouraged 
to transfer at will, over increasing intervals, 
from the tank respirator to a rocking bed. After 
a week of such trials the rocking bed was pre- 
ferred for continuous use although the chest 
Cuirass respirator was donned for one-half hour 
a day as an exercise. In October the respiration 
was unassisted for an hour and then for two 
hours a day. In the first week of November the 
unassisted time had lengthened to two and a 
half hours three times a day, the time in the 
cuirass to two hours a day, and the remainder 
of the day was passed on the rocking bed. 
Respiratory movements were carried out by the 
right half of the diaphragm and by voluntary 
anterior neck muscles, particularly the sterno- 
mastoid on each side. The vital capacity meas- 
urement for this 5 feet, 7!4 inches tall girl 
climbed from 400 ml. on September 17th, the 
date of admission, to 480 on October 9th and 
580 ml. on November 9th. 

Case xix. Partial respiratory and other skeletal 
muscle paralysis; early recovery of respiratory inde- 
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pendence. B. C., a four year old girl, had fever, 
headache, anorexia and constipation for five 
days, and entered the hospital on September 2, 
1953, when the left leg buckled and she became 
unable to stand. The rectal temperature was 
101°F., the pulse rate 140 beats per minute, the 
respiratory rate 50 per minute and the arterial 
tension 90 mm. Hg systolic and 70 diastolic. The 
child was alert but irritable, had a weak cry and 
was unable to sit up. The respiration was rapid, 
regular and shallow, and the patient appeared 
exhausted. She had a stiff neck. Deep tendon 
reflexes were demonstrable only in the left 
biceps and triceps muscles, and the extremities 
were weak although the soles of the feet could 
be flexed and the toes moved. Mechanical 
respiratory aid became necessary. The fever 
reached 103°r. but subsided after three days. 
The left arm became weaker than the right 
although movement of the forearm and hand 
was not entirely lost. There was transient unex- 
plained hematuria. Following the acute stage 
stretching exercises, particularly for the ham- 
string muscles, bracing and muscle re-education 
were initiated, to be continued at a local ortho- 
pedic hospital to which she was transferred 
after fifty days of emergency care. 

Respiratory schedule: In view of the obvious 
signs of diminishing respiratory muscle power 
this child was placed in a tank respirator on the 
day of admission. She had no _ swallowing 
difficulty and needed no tracheotomy. Intervals 
of up to fifteen minutes of unassisted respiration 
were allowed from the first day and up to six 
hours after the third day. After the first week 
she began a transfer to the rocking bed but 
spent eight hours a night in a tank respirator 
before completing the shift. At the same time 
the schedule of unassisted time was advanced 
at a rate such that no mechanical aid at all was 
used after the first month. At the time that she 
became independent of such aid it could be seen 
by fluoroscopy that she had recovered good use 
of the left but not of the right leaf of the dia- 
phragm. Use of accessory respiratory muscles 
was not evident. A satisfactory measurement of 
the vital capacity was not obtained. 

Case xx. Partial and asymptomatic decrease in 
respiratory capacity followed by rapid recovery; partial 
paralysis of the extremities. E. L., a twenty-two 
year old housewife, had increasing pain in the 
back and legs for five days until admitted to a 
hospital on March 29, 1953. She had a left 
occipital headache, weakness of both legs and 
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was unable to walk. The rectal temperature 
was 101°F., the pulse rate 90 beats per minute, 
the respiratory rate 24 per minute and the 
arterial blood pressure 110 mm. Hg systolic 
and 90 diastolic. The neck was stiff. The right 
leg was partially and the left leg extensively 
paralyzed. The abdominal reflexes and the knee 
and ankle tendon reflexes were absent. The 
spinal fluid contained 180 lymphocytes per cu. 
mm. This woman became afebrile after a day 
and regained partial strength of both legs in ten 
days, sufficient to permit a test of ability to 
stand and take a few steps. At the same time 
she had pain and lost strength in the arms and 
shoulders. There was no demonstrable impair- 
ment of respiratory function except that the vital 
Capacity increased progressively in ten days 
from 1,550 to 1,650 ml. After two weeks of care 
and observation of the acute phase of the illness 
there appeared to be no further threat of respira- 
tory paralysis and she was therefore transferred 
to a local hospital for orthopedic management of 
residual paralyses of the trunk and extremities. 


COMMENTS 


Examples of arrested, slow and rapid respira- 
tory recoveries have been presented. When 
either a retarded or rapid recovery occurred, it 
appeared to come about independently of hasty 
effort to break presumed psychologic or bio- 
chemical addiction from chronic overventilation 
or presumed emotional dependency on some 
particular mechanical respiratory aid. Even the 
four most physically limited respiratory cripples 
of this series did not hesitate, when helped by 
trusted attendants, to change to other mechani- 
cal respiratory aids or to try unassisted respira- 
tion. Unfamiliar types of mechanical respiratory 
air were regularly accepted as soon as the 
patient, secure in a tank respirator, discovered 
by trial that such other aids as tank respirator 
positive pressure dome attachments, cuirass 
respirators or rocking beds could be adjusted 
to provide pulmonary ventilation adequate for 
comfort. Failures did occur, with clock-like 
regularity, when the ventilation provided was 
either insufficient or dependent on sustained 
effort leading to exhaustion. Although the 
presence or absence of subjective dyspnea was 
the most immediately useful bedside guide, 
tidal air measurements also served as a con- 
venient objective basis for estimating the ade- 
quacy of mechanical aids. For evidence of 
fatigue the subjective estimate by the patient 
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was most helpful and well correlated with the 
corroborative objective signs of emotional 
lability and rapidly decreasing vital capacity 
measurements. Early efforts at precipitous 
muscle re-education, based perhaps on sup- 
position that exercise must be carried to ex- 
haustion if it is to lead to muscular hypertrophy 
or retraining, did not appear justifiable. 
When a regular schedule of well tolerated daily 
exercise was allowed alternately with ample 
rest periods well within the limits of fatigue, 
there was uneventful recovery of respiratory 
muscle function and other muscular functions 
which progressed uneventfully to the extent that 
re-innervation or gradual enlargement with use 
permitted. 

The most adequate as well as the less ade- 
quate mechanical respiratory aids, when used 
by the patient as a supplement to periodic 
voluntary respiratory effort alternating with 
rest, allowed gradual development of secondary 
hypertrophy of needed respiratory muscle 
where potentially useful muscle remnants ex- 
isted. Short but gradually increased transfers 
from the tank respirator, up to several times a 
day, both to the rocking bed and to unassisted 
time, under close supervision, appeared to 
expedite best the rate of real lasting recovery 
_ based on a return of muscle power rather than 
transient psychologic or biochemical over- 
ventilation influences. 

Premature withdrawals of adequate respira- 
tory aid at an early stage were followed by 
exhaustion, collapse and a delay in recovery 
reflecting wishful, compulsive behavior in the 
effort to “wean” a patient from psychologic or 
biochemical dependency on his aid. It became 


apparent that efforts at forced weaning or 
endurance tests lead to exhaustion, asphyxia 
and panic, just as sneak withdrawals of full aid 
by surreptitious reduction of tank pressures or 
rates lead to a loss of confidence when discovered 
by the patient. No useful purpose can be offered 
for forcing or misleading the respiratory cripple. 
Graded respiratory activity schedules worked 
best by far when regularly reviewed by the 
doctor in direct consultation with the patient 
and drawn up specifically within the limits of 
the patient’s own estimate of his ability. It thus 
became possible for the patient to assume the 
initiative in his own interest, leaving the physi- 
cian the role of balancing or restraining rather 
than pushing. 
SUMMARY 


Over 1,000 young adults and children have 
recently survived the acute stage of polio- 
myelitis in the United States only to be left 
with permanent or protracted respiratory 
muscle paralysis with more or less complete 
quadriplegia. Through realistic and_ timely 
planning much can actually be offered these 
severely disabled patients. Mental function, 
emotional stability and a useful place in the 
world are practical goals for specialized total 
care providing help with elementary medical 
and social complications, mechanical respira- 
tory aids and graded respiratory muscle re- 
education coordinated with training to other 
adaptive equipment compensatory for lost 
muscle functions. Twenty illustrative cases 
exemplify management problems and respira- 
tory recovery rates with degrees of paralytic 
respiratory disability ranging from extreme to 
minimal. 
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HE introduction of Rauwolfia into the 
| medicinal armamentarium against essen- 
tial hypertension signalled a new ap- 
proach to therapy of the pathologic physiology 
of this disease. Previously those who had been 
interested in the drug treatment of hypertension 
had been absorbed in a trial of agents designed 
to alter markedly, not to say drastically, the 
vasomotor control of blood pressure. A number 
of drugs were available which were capable of 
blocking the whole autonomic nervous system, 
or at least the adrenergic responses, either in the 
periphery or in some more central location. 
Other agents were evolved which produced 
active vasodilatation either neurogenically or by 
direct action upon the smooth musculature of the 
vessel walls. All these agents, regardless of the 
site of their action, had in common an ability 
to lower blood pressure markedly, even to 
collapse levels, and usually did so immediately 
or at least shortly after their administration. 
While many of them had side reactions which 
were undesirable, it was generally agreed that 
these would have to be accepted if necessary to 
obtain the blood pressure-lowering action. 
Occasionally the thought was expressed that 
perhaps too great a hypotension particularly 
in the upright posture was not a desirable effect 
but it was rarely doubted that profound vaso- 
dilatation occurring within minutes would be a 
prime characteristic of any drug useful for the 
treatment of hypertension. 

Rauwolfia was introduced into the field of 
hypertension from psychiatry in which it had 
been long used in the treatment of disturbed 
mental patients. In such cases it was noticed 
that a fall in blood pressure and pulse rate were 
common side effects of the “tranquilizing action” 
of Rauwolfia and indeed the drug was stopped 


in many such patients because of these “un- 
desirable side effects.”” However, Indian in- 
ternists working on hypertension seized upon 
these side actions as possibly useful for the treat- 
ment of high blood pressure They observed, 
and all subsequent workers have confirmed, that 
Rauwolfia is not a sudden or powerful hypo- 
tensive agent but rather a very gradual, mild 
hypotensive drug which seems to alter the 
fundamental physiology of the body only very 
slowly, and certainly does not produce profound 
vasodilatation or serious interference with 
vasomotor reflexes such as the normal responses 
to the upright position. Because its action is so 
slow to appear (requiring three to six days) 
and to disappear (requiring three to six weeks), 
it was readily conceded that the drug might act 
through some intermediary mechanism. Indeed, 
because it has a definite sedative-like or tran- 
quilizing effect on the emotions, many workers 
believed that it acted upon the blood pressure 
solely through this quieting effect. Several other 
actions, however, particularly bradycardia and 
its additive, if not synergistic, blood pressure- 
lowering effect when given in conjunction with 
the usual more powerful hypotensive agents 
convinced those using Rauwolfia that it had 
peculiar merits of its own as a therapeutic agent 
for essential hypertension. 


COMMENTS ON RAUWOLFIA 


Forms. Rauwolfia serpentina or Ophioxylon 
serpentinum is an erect, attractive bush with 
shiny green leaves and pinkish flowers that 
grows to about 3 feet in height in the foothills 
of certain portions of India. It has a long, taper- 
ing root resembling a snake, popularly called 
“snake root,’ which contains most of the 
medicinal properties of the plant. The root is 


* From the Robert Dawson Evans Memorial, Massachusetts Memorial Hospitals, and the Department of Medicine, 
Boston University School of Medicine, Boston, Massachusetts. 
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704 
pounded into a yellow powder by the natives 
who use it to treat a great number of illnesses. 
However, as already mentioned, its principal 
use in India is for the treatment of insane, par- 
ticularly manic, patients. 

Numerous efforts to extract and purify the 
active principles of the drug have culminated 
successfully in the preparation of the alseroxylon 
fraction containing the active alkaloids, and in 
the separation of the pure alkaloids, reserpine 
and rescinnamine. The action of these several 
preparations is clinically very similar provided 
equivalent dosages are used (i.e., 100 mg. of the 
crude root, * 2 mg. of the alseroxylon fraction ft 
and 0.1 mg. of reserpinet). While various claims 
have been made for the greater efficacy of one 
of these preparations over the others in the 
treatment of hypertension, there is no convincing 
clinical evidence in support of these claims. It is 
interesting to note here that whereas in India 
the drug came into the cardiovascular field from 
the psychiatric, it is now reversing that path in 
the United States where it was introduced as a 
treatment for hypertension. 

Action. While it has a peculiar “‘tranquiliz- 
ing’ or sedative-like effect, Rauwolfia is not a 
narcotic. It will not put patients to sleep but 
rather will allow them to go to sleep if the occa- 
sion is propitious. It calms or decreases the 
reactivity of both man and animals, lessening 
their irritability, anxiety and aggressiveness 
when disturbed. These effects denote that it has 
an action upon the brain but in therapeutic 
doses this does not appear to be upon the cortex 
of the brain, at least as indicated by electro- 
encephalograms, or the ability to think clearly 
and exercise good judgment. Its central nervous 
_ action rather is supposed to be in the mid-brain 
where it has certain ‘‘adrenergic blocking” 
effects. These include production of nasal con- 
gestion, presumably from turbinate vasodilata- 
tion, a tendency to miosis and ptosis of the eyelids 
particularly in animals, and may be responsible, 
in part at least, for the bradycardia which is a 
prominent action of the drug in both man and 
animals. 


* Raudixin® manufactured by E. R. Squibb and Sons, 
New York City. 

Tt Rauwiloid® manufactured by Riker Laboratories, 
Inc., Los Angeles, Calif. 

t Serpasil® manufactured by Ciba Pharmaceutical 
Products, Summit, N. J.; serpiloid®, Riker Laboratories, 
Inc., Los Angeles, Calif.; reserpoid®, The Upjohn Com- 
pany, Kalamazoo, Mich.; rau-sed®, E. R. Squibb and 
Sons, New York City; crystoserpine®, Smith-Dorsey, 
Lincoln, Neb. 
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An additional side effect of Rauwolfia is to 
increase the motility of the bowel, causing a 
certain urgency, if not frequency, of fairly 
normal stools. It also causes or promotes a gain 
in weight, which has been variously attributed 
to increased appetite and to decreased expendi- 
ture of energy in “‘nervous” hyperactivity. In 
excessive dosage the drug can cause disturbed 
sleep with nightmares or vivid dreams, and it 
can also produce a state of depressed, trembly or 
“jittery” anxiety. Decreasing or stopping the 
dosage quickly relieves these side effects. In men 
Rauwolfia causes a decrease in libido or sex 
drive but this effect is not seen in women. This 
is definitely a lack of interest or desire and not 
impotence since young men may father children 
on this drug and animals show no decrease in 
fertility when taking it. Women have no change 
in menses or other sexual characteristics while 
taking the drug. 

In hypertensive patients the most marked 
clinical effect of Rauwolfia is to improve the 
symptoms of which these patients frequently 
complain. Thus the typical hypertensive patient 
will lose much or all of his irritability, compul- 
siveness and anxiety, along with other neurotic 
symptoms such as nervousness, ‘‘wooziness,”’ 
dizziness, palpitation, insomnia and headache. 
If Rauwolfia had no other effects on hypertensive 
patients than to relieve such complaints it would 
probably remain in the medicinal arma- 
mentarium against this disease. As already men- 
tioned, however, Rauwolfia has a definite 
though gentle, slow hypotensive action which 
requires three to six days to appear and three to 
six weeks to reach its maximum effect. Similarly, 
on stopping the administration of the drug one to 
six weeks may pass before its hypotensive action 
disappears. Because of this slow action the 
effectiveness of the drug should not be judged in 
less than three and preferably six weeks of 
continuous administration. 

Dosage. Rauwolfia may be given orally one 
to four times a day. The usual single starting 
doses are: of the crude root, 100 mg.; of the 
alseroxylon fraction, 2 mg.; and of reserpine, 
0.1 mg. given one to four times a day. The time 
of doses may be suited to the patient’s preference 
or may be arranged so as to coincide with other 
medications to be given. By varying slightly 
the time of a dose some of its relatively minor 
side effects can be obviated. For example, if the 
patient wishes to have a lesser daytime sedative 
effect, the whole dose of Rauwolfia may be taken 
at bedtime. If, on the other hand, he complains 
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of vivid dreams or nightmares these may be 
relieved by giving the doses earlier in the day, 
oftentimes without reducing the total daily 
amount. If a patient has a particularly irritating 
or annoying job and wishes to have his reactivity 
to this lessened during the daytime, the total 
dose may be taken at breakfast. 

Many workers advocate starting the patient 
on a large initial dose of Rauwolfia, e.g., 200 mg. 
of crude root, 4 mg. of alseroxylon or 0.25 mg. 
of reserpine up to four times daily, and then 
reducing this dosage one to four weeks later 
when the latent action of the drug has appeared. 
Certainly if such high dosages are continued 
over many weeks they will cause a number of 
patients to have over-dosage effects, the most 
distressing of which is depression. Therefore we 
have usually recommended the smaller starting 
dosage and even then have cautioned patients 
against the slow appearance of “cumulative” 
effects, for which one interrupts or reduces the 
total daily dosage. 

Indications. Rauwolfia alone is most useful as 
a hypotensive agent in mild, labile, psycho- 
neurotic hypertensive patients with tachycardia 
and symptoms of headache, palpitation, nervous- 
ness, irritability or anxiety. At the minimum it 
should relieve the latter symptoms and in one- 
half of such patients it will restore the blood 
pressure and pulse rate to normal. Some adjust- 
ment of dosage may be necessary to obtain 
the maximum of hypotensive effects with a 
minimum of side reactions but at a range of 
100 mg. to 400 mg. of crude root, or its equiva- 
lent, a day the ordinary patient has no serious 
difficulties with the drug. On the contrary, he 
usually is very enthusiastic about his subjective 
improvement. This consists not only of relief 
of headache, palpitation, “butterflies in the 
tummy,” irritability and anxiety but also in- 
cludes the peculiar “tranquilizing” action of 
Rauwolfia and its release from a sense of com- 
pulsiveness. ‘Thus patients will state, “‘I no longer 
have to clean up the house before I go to work,” 
or “I can let dust sit on the furniture without 
its bothering me.” Frequently they will state, 
**I feel so relaxed,” or “This is the way I 
wanted to feel.’”” A common remark is, “‘I can’t 
remember when I had a headache.” Not only is 
there subjective improvement on Rauwolfia but 
often there is also objective evidence in the blood 
pressure and pulse rate readings of a steadying of 
the vasomotor reactions to the stresses and strains 
of life. In such labile patients one often gets the 


impression that the drug merely decreases the 
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lability of the blood pressure and “allows the 
patient to walk into the office with the pressure 
and pulse that he used to walk out with after an 
hour of reassurance and psychotherapy.” De- 
pending upon one’s view of the natural course 
of hypertensive cardiovascular disease this is a 
more or less important achievement. 

The best use of Rauwolfia is as an adjunct or 
background agent given in combination with the 
stronger drugs particularly veratrum, hydral- 
azine and hexamethonium. After it has been 
given for some weeks in the same dosage as in 
milder cases but without satisfactory results, the 
other drugs are added to it, but only if and when 
this is proven necessary. Thus the routine plan of 
treatment in any hypertensive patient is to start 
him on Rauwolfia and, depending upon his 
response within three to six weeks, to continue, or 
to add another more powerful agent to the 
regimen. 

In this role as a background or adjunct agent 
Rauwolfia not only acts additively but may 
also act synergistically with the stronger drugs to 
lower blood pressure. Certainly it can be shown 
that the changes in blood pressure on the same 
dose of a more powerful drug are greater when 
Rauwolfia is used in combination with it. How- 
ever, the benefits of such combination drug 
therapy include not only a potentiation of the 
hypotensive action and a moderation of the 
general effects of the other drugs but also a 
counteraction against some of the unfortunate 
side effects of the other drugs. Thus, for example, 
it will considerably lessen the nausea and vomit- 
ing of veratrum and at the same time allow this 
drug to be used in larger doses than is possible 
alone without producing these symptoms. Fur- 
thermore, Rauwolfia in combination will cause a 
greater lowering of blood pressure without 
nausea or vomiting than when veratrum is used 
alone. Similarly, the constipating or even 
obstipating effect of hexamethonium is con- 
siderably moderated by the stimulating action of 
Rauwolfia upon the motility of the bowel. 
Through its bradycardic effect it also offsets the 
tachycardia and palpitation of hydralazine. 
Finally, by lessening the reactivity of the patient 
to all types of irritation, Rauwolfia smooths the 
course of drug treatment so that it seems con- 
siderably less troublesome than when Rauwolfia 
is not used. 

Rauwolfia has a third important use. This is as 
a continuing agent when, as the result of a com- 
bination with stronger hypotensive drugs, the 
blood pressure has come to or toward normal 
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and the physician wishes to discontinue the 
stronger agents. Thus after a period of normo- 
tension it is almost always possible to eliminate 
veratrum, and often possible to eliminate 
hydralazine, from a hypotensive drug schedule. 
It is always considered wise to reduce or omit 
hydralazine and hexamethonium from a hypo- 
tensive regimen whenever possible. Therefore, 
after some weeks or months of a considerably 
lower and stable blood pressure in a hypertensive 
patient each of the stronger drugs is reduced in 
turn and eventually is omitted if this can be done 
without a rise in pressure. In such a situation 
Rauwolfia frequently will hold the blood pres- 
sure at a lower level when it was not capable 
initially of lowering the pressure to that level 
without the addition of the stronger agents. It is 
interesting, however, that in no patient has it 
been possible to eliminate a Rauwolfia prepara- 
tion altogether from a medicinal regimen for 
essential hypertension. Continued but often 
very small doses (e.g., as little as 0.05 mg. of 
reserpine a day) appear to be necessary to keep 
the blood pressure at its new lower level. 

There is a final important indication for the 
use of Rauwolfia, or at least for consideration of 
its use. This is in cases of very mild labile blood 
pressure which could not as yet be considered 
really hypertensive. If such “‘prehypertension”’ 
occurs in the offspring of hypertensive parents 
who have done poorly, one might consider the 
use of Rauwolfia as a “preventive”? measure. 
While the wisdom of such use could not be 
supported by statistical evidence at the present 
time, Rauwolfia appears to be the ideal agent 
to try if the physician wishes to undertake such 
an experiment. The drug can be used in small 
doses in such situations and can be continued 
apparently indefinitely without harmful effects. 
There is no evidence that addiction, tolerance 
or any other deleterious effect occurs with such 
chronic usage of this drug. A number of young 
prehypertensive patients have taken Rauwolfia 
upwards of four years with continuous control of 
the blood pressure at normal levels without any 
apparent harmful effects. 


MANAGEMENT OF CASES AND RESULTS 


New and unselected office or clinic patients 
with essential hypertension routinely have 
received the following studies for grading their 
hypertensive disease: complete history, physical 
examination, urine analysis, serum NPN and 
PSP tests, electrocardiogram, chest and kidney 
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roentgenogram, cold, posture and sedation tests. 
These studies were made not only to assess the 
current condition of the patients but also to 
serve as a basis for comparison of the status after 
no treatment or drug therapy. After a period of 
observation of several weeks with no medication 
they were given either a placebo, a tablet of 
phenobarbital or the active drug in identically 
appearing pills for several weeks. The procedure 
was then reversed or alternated, and observa- 
tions were made of the effects of these several 
agents, including the crude root, the alseroxylon 
fraction and the pure alkaloid reserpine. 

In thirty-nine such patients the average of all 
their control blood pressures during the pretreat- 
ment period was 192/112 with the average pulse 
rate 82. On treatment with crude Rauwolfia 
the averages were 165/95 and 70. In twenty- 
seven patients who were treated with placebos 
the control averages were 196/115 and 84, while 
the treatment averages were 186/111 and 84, 
respectively. In fifty-eight patients given the 
pure crystalline alkaloid, reserpine, control 
averages were 191/109 and 85 and the treatment 
averages 167/94 and 75. Thus it can be seen that 
the crude root and the pure alkaloid reserpine 
produce almost identical effects. The total 
alseroxylon fraction also gave very similar 
results. 

In hypertensive patients in whom such a trial 
of a Rauwolfia preparation alone had no, or an 
insufficient, hypotensive effect after six weeks, a 
more potent hypotensive drug was then usually 
combined with the Rauwolfia. These more 
powerful drugs included veratrum, hydralazine 
and hexamethonium. Recently pentapyrroli- 
dinium* has also been tried. It should be empha- 
sized that the Rauwolfia preparation was 
continued. Thus the usual plan after trying 
Rauwolfia alone unsuccessfully for six weeks was 
to add either hydralazine if the pulse rate was 
slow (below 80) or veratrum if the pulse rate 
was still rapid, in gradually increasing doses if 
necessary, and as tolerated by the patient. Still 
later, in some cases, all three drugs, namely, 
Rauwolfia, veratrum and hydralazine, were 
given together in increasing (“‘titrated”’) doses as 
necessary and as tolerated by the patient. If 
after several weeks of all three drugs together in 
maximum tolerable dosage there was insufficient 
improvement, hexamethonium was added, if it 


* Ansolysen® manufactured by Wyeth Laboratories, 
Philadelphia, Pa. 
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was still deemed necessary to get a hypotensive 
result at any cost. 

The decision whether to use hexamethonium 
was not based solely on the blood pressure level 
but also upon the severity of the associated 
cardiovascular renal disease and especially upon 
the evidence of its rate of progression. When the 
course was judged to be malignant, namely, 
associated with papilledema and hemorrhages 
in the retinas, and to be rapidly progressive, 
hexamethonium was usually used. If, on the 
other hand, severe uremia was present, the 
administration of hexamethonium was under- 
taken cautiously if at all because the drug is 
eliminated by the kidneys and might accumulate 
in dangerous amounts when renal function is 
markedly impaired. 

Hexamethonium therapy was usually instituted 
in the hospital although in occasional patients 
who were well indoctrinated in the oral use of 
drugs it could be given on an ambulatory basis. 
Patients were warned of its side effects particu- 
larly concerning the postural hypotension and 
danger of fainting. They were also instructed as 
to how to avoid constipation. Usually this 
could be taken care of by a mixture of one-half 
mineral oil and one-half milk of magnesia taken 
at bedtime in amounts sufficient to produce a 
morning bowel movement. Unless the patient 
were a doctor or a nurse, or the relative of such a 
professional person, he was not asked to record 
home blood pressures or to manage his dosage 
accordingly. This avoided the anxiety that such 
attention to the blood pressure readings per se 
usually produces, and also lessened the patient’s 
tendency to change the medication because of 
any slight deviation in his pressures. 

In 137 patients in whom Rauwolfia alone had 
not been satisfactory initially in controlling the 
blood pressure, and in whom additional hypo- 
tensive agents were then added to the regimen, 
the control blood pressures before any treat- 
ment averaged 204/119 and the pulse rates 86. 
After combination treatment of some kind the 
averages were 163/94 and 73, respectively. It is 
interesting that forty-five of these patients (about 
one-third) were finally maintained satisfactorily 
on Rauwolfia alone. That is to say, the other 
drugs, though initially required, were omitted 
from the maintenance schedule. In this group of 
forty-five patients the average blood pressures 
and pulse rates before any treatment were 
192/109 and 85, whereas eventually on Rau- 
wolfia alone they were 158/89 and 70, respec- 
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tively. Forty-two of the patients had to be 
maintained on hydralazine as well as Rauwolfia; 
their control blood pressures and pulse rates 
before treatment averaged 204/119 and 85, 
whereas on treatment they averaged 157/91 and 
74, respectively. Sixteen patients required 
treatment with three drugs, Rauwolfia, vera- 
trum and hydralazine. Their control averages 
were 206/122 and 83 and their treatment aver- 
ages 173/96 and 75, respectively. 

Twenty-eight of the 137 patients had to be 
maintained on hexamethonium therapy which 
was added to one of the other regimens. That 
these were more severe cases is shown by their 
control average blood pressures of 227/136 and 
pulse rate of 87 whereas on treatment their 
averages were 179/108 and 74, respectively. 
Only a few patients, six in number, who were not 
satisfactorily controlled on Rauwolfia alone were 
so controlled when veratrum was added. Their 
control average blood pressures were 179/115 
and pulse rates 88 whereas on treatment their 
averages were 153/92 and 76, respectively. 

It should be emphasized here that the blood 
pressure readings when so averaged constitute 
merely the easiest of the objective signs of 
improvement of hypertensive disease to record. 
They are neither the most important nor neces- 
sarily the most satisfactory sign of improvement. 
Changes in eyegrounds with disappearance of 
papilledema, hemorrhages and finally of exudates 
were certainly some of the most striking evidences 
of improvement when they occurred. Changes in 
strain patterns in the electrocardiogram and 
lessening of the evidences of congestive failure 
were more frequent and often very striking. It 
should be emphasized also that many patients 
felt much better, even when previously they 
might have had few well defined complaints. 
This improvement was all the more striking 
when one realizes that hypertension is sup- 
posedly an asymptomatic disease. Thus pa- 
tients who had complained very little would say, 
**T didn’t realize how badly I was feeling until I 
began to feel better.”” When, on the contrary, 
definite symptoms such as headache, palpita- 
tion, fatigue, anxiety and the like were relieved, 
it was even more satisfying. To delineate or 
record in detail the varied improvements that 
took place in the clinical course of such hyper- 
tensive patients on such treatment would pro- 
long unduly this account. Suffice it to say here, 
the symptomatic improvement, especially on 
Rauwolfia, was most heartening. 
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It must be admitted that some of the complica- 
tions of the drug therapy were serious enough to 
offset its good effects on blood pressure. These 
have been detailed elsewhere as regards the 
chief offenders, namely hydralazine and hexa- 
methonium. One can say, on the other hand, 
that Rauwolfia produced no serious or toxic 
reactions of its own and very few about which the 
patient continued to complain. For example, 
even the nasal stuffiness tended to remit after 
some months of treatment. Also, by carefully 
adjusting the dosage other side effects such as 
diarrhea, dreams, nightmares or depression 
could be relieved. Furthermore, as already 
mentioned, Rauwolfia could be used to moderate 
considerably the unpleasant effects of the other 
hypotensive drugs. For these reasons there seem 
to be few if any absolute contraindications to 
the use of Rauwolfia in hypertension. Only 
rarely have patients stopped taking it altogether 
and this has usually been because of the symptom 
of dryness of the nasal and upper respiratory 
passages. 

Three cases illustrating the use and effects of 
Rauwolfia in essential hypertension are presented. 


CASE REPORTS 


Case 1. D. F., a white male business execu- 
tive, was first seen at age thirty-three for routine 
physical and laboratory examinations arranged 
on a yearly basis by his company. The patient 
had no complaints except for intermittent head- 
aches. The family history and past history were 
non-contributory. The blood pressure was 130/ 
75 and aside from moderate obesity there were 
no abnormal physical or laboratory findings. 
It was noted at the time that the patient was 
nervous, had a lot of push and ambition, and was 
impatient to get ahead. 

He was not seen again until two years later. He 
had been well in the interval except for a case of 
‘‘nerves,”” and the blood pressure was again 
130/85. One year later he was seen for the third 
time and still complained of nervousness at 
times. On this occasion the blood pressure 
was 145/100 and the heart on physical examina- 
tion was questionably enlarged to the left. The 
fundi were normal and studies of the urine, 
blood, electrocardiogram and x-ray of heart and 
lungs were again normal. 

He failed to come in for his next yearly 
examination and was seen after a two-year 
interval during which time he had been well. On 
this occasion the blood pressure was found to be 
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160/100 and the fundi revealed definitely small 
and tortuous arteries but no AV nicking. All 
laboratory studies were normal. One year later 
the patient reappeared for his fifth examination, 
six years after his initial one. He had no com- 
plaints, but his blood pressure was now 170/100 
and pulse 84. The fundi again revealed tortuous, 
narrow arteries which showed variations in 
caliber suggesting spasm. However, all labora- 
tory studies were within the normal range. 

Because of the finding of a gradual but pro- 
gressive rise in blood pressure over a three-year 
period in this thirty-nine year old man it was 
decided to try small amounts of Rauwolfia. 
Consequently he was given 2 mg. of the al- 
seroxylon fraction morning and night. Two weeks 
later the blood pressure was 140/85, pulse 84. 
The patient stated that he felt much more relaxed. 
“It's wonderful, I don’t feel let down; I have 
just a nice, smooth feeling of well-being. I drive 
as hard as I used to but it doesn’t bother me as 
much for some reason. I feel more like I used 
to when I was younger in college and free-lancing 
around. I get just as much done but I take things 
a lot easier.” 

Two weeks later the blood pressure was 125/75 
and the dosage of Rauwolfia was cut to 2 mg. of 
alseroxylon at bedtime. Two months later 
the blood pressure was 110/65, pulse 76. The 
patient stated, “‘I don’t have any headache or 
eyeache at all now. I can do anything I want to 
do.” The dose of alseroxylon was again reduced 
to 1 mg. at bedtime. A month later the blood 
pressure was 115/75, pulse 68. There was a 
decided change in the appearance of the arteries 
of the retina. They were normally tortuous, 
showed no localized spasms and their caliber was 
normal. 

Six months later the patient was again seen 
and said that he still felt fine. He again said, ‘‘I 
can drive as hard as ever, but it doesn’t bother 
me.”’ The eyegrounds were normal. Blood pres- 
sure 115/65, pulse 80. The patient is now 
maintained on alseroxylon 1 mg. morning and 
night. This case illustrates the symptomatically 
beneficial and moderately hypotensive effects of 
Rauwolfia in early, or “‘pre,”’ hypertension. 

Case uu. S. B. is a thirty-nine year old busi- 
nessman who was referred by his local physician 
for high blood pressure. His family history was 
not contributory except that all of his family 
were emotional. He had just gone into a new 
business entirely on his own for the first time and 
had done a great deal of rushing and travelling. 
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Furthermore he had just had his fifth child and 
was very concerned about his wife’s health since 
they had planned to have only three children. 

One year previously the blood pressure had 
been “‘about 200’ and his local doctor had 
started him on a strict salt-free diet. The blood 
pressure had moderated to about 170 but then 
had returned to its previous level. 

He was a moderately obese but well appearing 
man of thirty-nine. The blood pressure was 200/ 
120, pulse 85 and the fundi showed prominent 
veins, tortuous arteries but no AV nicking or 
other abnormality. He was admitted to the 
hospital for study. On admission the blood pres- 
sure was 210/135, pulse 95, but in the hospital 
the resting blood pressure moderated to as 
low as 170/130. During the sedation test it 
dropped to 14090. Urine showed 1+ albu- 
minuria, otherwise normal. Serum NPN 31 mg. 
per cent. PSP excretion test showed 36 per cent 
of the dye excreted in the first fifteen minutes 
and a total of 88 per cent in two hours. The 
electrocardiogram showed abnormal T waves 
suggesting myocardial strain. However, the 
heart on x-ray was normal in size and shape. The 
lungs were clear. The patient was discharged on 
Rauwolfia 100 mg. of the crude root morning 
and night. 

He returned one week later for a checkup at 
which time the blood pressure was 175/95, 
pulse 68. One week later, or two weeks after 
starting the medication, he came in stating that 
he felt much more relaxed. He had noticed 
particularly that he was not as constipated. 
Blood pressure was 140/85, pulse 64. Two 
months later the patient came in “feeling fine,” 
with a blood pressure of 160/90, pulse 64. One 
month after this blood pressure was 130/80, 
pulse 64. 

Still another month later, or five months after 
the start of treatment, the blood pressure was 
135/80 and the pulse 68. The patient had 
been to a convention and thought “the blood 
pressure should be up.’ However, he felt fine 
and he was advised that his blood pressure 
was now normal and that he could stop 
taking the drug. He returned after one week, 
and the blood pressure was 155/100, pulse 84. 
However, he felt well. In view of the moderate 
rise in blood pressure, Rauwolfia was _ re- 
instituted 100 mg. morning and night as before. 
Six weeks later the blood pressure was 125/75, 
pulse 64 and the patient was feeling well. He 
stated, “I had to keep all the kids indoors with 
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me yesterday on a rainy Sunday and I got along 
fine.” 

The patient was then lost sight of for eight 
months when he returned for a checkup. His 
blood pressure was 210/110, pulse 84. He had 
not been taking any medicine but he had felt 
well. The fundi showed minimal AV nicking 
and slightly increased light reflex from the 
arteries. A placebo of Rauwolfia containing 
phenobarbital was started morning and night. 
Unfortunately the patient turned out to be 
sensitive to phenobarbital and developed a rash, 
so that after one week this placebo was changed 
to one containing no active medication. One 
week later the blood pressure was 190/130, 
pulse 80. Still another week later the blood 
pressure was 190/120, pulse 84. After still 
another week on placebo therapy the blood 
pressure was still 190/110, pulse 80. 

At that point active Rauwolfia was substituted 
100 mg. morning and night. A week later the 
blood pressure was 165 110, pulse 64, and three 
weeks after this the blood pressure was 170/110, 
pulse 72. Since the response in blood pressure 
had not been as dramatic as on the first institu- 
tion of the drug, veratrum (veriloid®) was added 
in doses of 2 mg. four times a day. Two weeks 
later the blood pressure was 160/90, pulse 64 
and he was advised to continue. However, after 
six weeks the blood pressure had not shown any 
further change but was still 155/90 but the pulse 
was 56. Nevertheless he was advised to continue. 

During the next two months the blood pressure 
ranged from 135—170/90, pulse 68; consequently 
veriloid was increased to 3 mg. four times a day. 
Six weeks later there was no further change in the 
blood pressure and it was decided to add small 
doses of hydralazine, 25 mg., four times a day. 
This initially failed to have any significant 
further effect on the blood pressure which 
remained at about 170/90, until the dosage of 
hydralazine was raised to a total of 300 mg. a 
day. Within a month the blood pressure fell 
essentially to a normal level of 140/80, pulse 84. 
Therefore, Rauwolfia (as rauwiloid) and veriloid 
were given in combination, one tablet four times 
a day, with apresoline® in a dosage of 100, 50, 50 
and 100 mg. on a four-dose schedule. The blood 
pressure further moderated to 135/75. This 
medication was maintained and during the next 
four months the blood pressure fluctuated some- 
what but averaged 145/85, pulse 70. He is now 
taking a total of 300 mg. of hydralazine, 4 mg. of 
rauwiloid, and 12 mg. of veriloid a day. 
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This case illustrates a moderately severe 
hypertensive male in whom the initial response 
to Rauwolfia was adequate on this medication 
alone. However, when the patient lapsed the 
treatment, the blood pressure returned and on 
reinstituting the same medication there was 
some beneficial effect but not a return to a 
normal level. Only when Rauwolfia was supple- 
mented by veratrum and hydralazine did the 
blood pressure finally return to normal. The 
patient now will be maintained on this schedule 
for a number of months, and then an effort will 
be made to reduce the dosages, first of veratrum 
and next of hydralazine, and finally possibly 
to omit them altogether from the schedule, 
continuing only Rauwolfia. 

Case m1. A. B., a forty-five year old white 
housewife, was referred for treatment by a fellow 
internist to whom in turn she had been referred 
by her family doctor. She complained of occipital 
headaches for six months but hypertension had 
been discovered by her local physician only one 
month before. The blood pressure when first 
seen by the referring internist was 240/140. 
The optic fundi showed grade m vascular 
changes. The heart was moderately enlarged 
and there was a systolic murmur. The internist 
sent her into the hospital for study. 

Her father had died of hypertension and one 
sister had hypertension. The mother had died of 
cancer of the stomach. In the hospital the pa- 
tient’s blood pressure ranged from 220/120 to 
200/110 and on a sedation test reached a low 
of 140/90. The urine consistently showed a 1+ 
albuminuria and PSP excretion was 16 per cent 
in the first fifteen minutes with a total of 48 
per cent in two hours. The electrocardiogram 
showed a left ventricular strain pattern but by 
x-ray the heart was normal in size and contour. 
Intravenous pyelograms revealed bilateral bifid 
renal pelves but no other abnormality. The 
patient was discharged on small doses of 
veratrum (veriloid) and given a salt-free diet. 
On this therapy her blood pressure moderated 
to about 170/100 to 180/110. 

At this point she was referred to us for treat- 
ment. Blood pressure was 180-190/110, pulse 
66. The eyegrounds still showed grade n 
hypertensive changes but no _ papilledema, 
hemorrhages, or exudates. An attempt was made 
to increase the dosage of veriloid, and during the 
ensuing five months the patient remained about 
the same and the blood pressure continued at 
about 170/100. Rauwolfia in the form of the 
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crude root 400 mg. a day was then prescribed 
in a four-dose schedule. It is interesting to note 
that the patient had already been taking all the 
veratrum that she could tolerate, and that after a 
week on Rauwolfia she suddenly became nause- 
ated and vomited all day. Consequently she 
stopped the Rauwolfia. 

One week later when she was seen again in the 
office her blood pressure was 140/80, pulse 56, 
and she was feeling very good. Because this was 
in the early stages of our trials of Rauwolfia, we 
decided that she was “‘sensitive”’ to it, and asked 
her to continue on veriloid alone. However, three 
months later her blood pressure was 180/110. 
She was still getting nauseous at times on vera- 
trum and asked to try something else. Conse- 
quently after nine months of veratrum treatment 
it was stopped and Rauwolfia was reinstituted in 
a smaller dose of 200 mg. a day in four doses. 

The patient reappeared one month later and 
when she walked into the office it was obvious 
that there had been a striking change. In the 
first place, she had gained eight pounds in 
weight. She smiled happily and announced, “All 
my funny feelings are gone, I feel wonderful! 
Before, I was skinny and couldn’t gain weight; 
now I am getting nice and plump.” She also 
said that it had taken Rauwolfia at least four 
days to produce any effect but from that point its 
action had been progressive. Her blood pressure 
was 160/90, pulse 64. 

She was continued on the same therapy. A 
month later the blood pressure was 160/90. She 
again insisted on her marked improvement, 
stated that she was doing a great deal more at 
home, and that “‘everything had changed” in her 
life. The therapy was continued for another 
four months at which point she had gained 
twenty pounds but her blood pressure was still 
170/100, pulse 64. However, she stated, “‘I feel 
wonderful, better than in five years and I’ve not 
had a single headache since I started these pills.”’ 

Rauwolfia was continued as the sole treatment. 
One month later blood pressure was 155/90, 
pulse 64, and it was decided to try hydralazine 
as additive treatment, while Rauwolfia was 
continued. During the next three months the 
dosage of hydralazine was slowly raised until she 
was taking 50 mg. four times a day. After one 
month of this dosage her blood pressure was 
135/75, pulse 76. She stated she felt fine, that she 
was doing a great deal more but was “trying to 
be moderate.” She did complain of a stuffy nose, 
particularly at night. 
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The same therapy was continued and she 
maintained a normal blood pressure until three 
months later, when, because of a “‘virus infec- 
tion associated with low blood pressure,” her local 
physician had stopped her hypotensive drugs and 
then had reinstituted only Rauwolfia. Her blood 
pressure rose to 180/100. She was advised to 
resume hydralazine. One month later her blood 
pressure was 150/90. 

One month after that (two years after her 
original admission) she was readmitted to the 
hospital for checkup. The urine still showed 1+ 
albuminuria but there was moderate improve- 
ment in the PSP excretion test to 18 per cent in 
the first fifteen minutes and 59 per cent in two 
hours. The electrocardiogram was now perfectly 
normal. The eyegrounds were normal. She was 
discharged on the same therapy. During the 
ensuing year the blood pressure on Rauwolfia 
and hydralazine ranged between 145/70 and 
160/85. She continued to increase her activities, 
had a great deal of company, and many social 
engagements and obligations. 

After this year of therapy on hydralazine and 
Rauwolfia, the Rauwolfia was changed to 
reserpine in a dosage of 0.2 mg. a day. This did 
not cause any change in her blood pressure or 
clinical status. The blood pressure remained 
about 145/85, pulse 72 during the next six 
months. It was then decided to try to reduce the 
dosage of hydralazine. This was carried out 
successfully over a five months period, when it 
was finally omitted, without a rise but rather 
a further slight drop in her blood pressure to 
135/80, pulse 68. She stated, “I am raring to go. 
I couldn’t feel better.” 

This patient represents the chronic drug treat- 
ment of essential hypertension over a period of 
four years. Beginning with veratrum which was 
only moderately successful the schedule later 
included Rauwolfia (or reserpine) and hydrala- 
zine which latter drug was finally omitted with- 
out any rise in pressure. There has been extremely 
gratifying subjective and objective improvement. 


SUMMARY AND CONCLUSIONS 


Rauwolfia constitutes a distinct addition to 
the drug therapy of hypertension. While it is 
only moderately hypotensive, it fills a previously 
unfilled need, namely, for a mild, slowly and 
progressively active agent with few or no serious 
side effects. Also it meets much better than the 
ordinary sedatives the need for a sedative- 
like drug in this disease. Its definite relaxing, 
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calming or tranquilizing action is most gratifying 
to hypertensive patients who typically are 
troubled by anxiety, irritability, aggressiveness 
and compulsiveness. Even in large doses Rau- 
wolfia does not become narcotic and there is no 
evidence that patients become tolerant or 
addicted to its use. 

At the very minimum, marked symptomatic 
improvement occurs in most hypertensive pa- 
tients taking Rauwolfia. A sense of relaxed well 
being, “‘improvement in personality,” and relief 
of the ordinary symptoms of headache, palpita- 
tion, fatigue and anxiety can be expected to 
occur in almost every patient. In addition the 
hypotensive action of Rauwolfia, although slow 
and moderate, is real, and when judged by 
statistical methods appears to be “‘significant.”’ 
The bradycardia also is definite and often quite 
beneficial particularly in the ordinary, early 
labile hypertensive patient who usually has 
tachycardia with palpitation. It is also helpful 
in counteracting the tachycardia produced by 
hydralazine. 

Perhaps the greatest usefulness of Rauwolfia is 
in combination with the more powerful hypo- 
tensive drugs with which it serves as an adjunct 
or background agent, smoothing the course and 
increasing the hypotensive effects of these more 
powerful agents. Because of this additive or 
synergistic effect it is possible not only to use 
lesser doses of the powerful agents effectively but 
also to make their actions more acceptable to 
the patient. Without Rauwolfia, hydralazine and 
hexamethonium are very difficult to use. 

Rauwolfia is also quite useful in maintaining 
a normal or almost normal blood pressure in 
patients in whom this result has already been 
achieved but only by a combination of Rauwolfia 
with other drugs. It is quite apparent that 
Rauwolfia will maintain a blood pressure at a 
lower level in many patients in whom it is ineffec- 
tive alone in achieving that level. Likewise, 
Rauwolfia will maintain normotension in many 
‘“‘prehypertensive” members of known hyper- 
tensive families, who have the typical labile 
neurogenic vasomotor responses characteristic 
of this group. Whether or not this “‘preventive”’ 
use of the drug is really worth while will be 
shown only by long-term studies. Apparently, 
however, it can be carried on indefinitely without 
harm to the patient and with considerable 
reassurance to a physician who believes that 
hypertension has an adverse influence upon the 
course of chronic vascular disease. 
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the past five years a variety of new drugs for 

the treatment of hypertensive disease have 

been developed. One of the most widely 
used is hydralazine{ (1-hydrazinophthalazine) 
which has been marketed since 1952 as apres- 
oline.© Much interest has been aroused by the 
distinctive capacity of hydralazine to decrease 
vascular resistance selectively in the splanchnic 
area, an effect which has been noted particularly 
in the kidney where increases in blood flow of 
60 per cent have been reported'? following 
intravenous administration of the drug. The 
resultant decrease in total peripheral resistance is 
sufficient to produce a moderate lowering of 
blood pressure despite an increased cardiac 
output*’* of the order of 100 per cent. 

Despite early reports*> that hydralazine was 
ineffective under clinical conditions, subsequent 
investigators®—'° have concurred in a cautiously 
optimistic view as to its usefulness, reporting 
that 35 to 70 per cent of hypertensive patients 
have experienced significant falls in blood pres- 
sure during hydralazine therapy, and a con- 
siderably smaller number have had concomitant 
improvement in other manifestations of hyper- 
tensive disease. Toxic and side reactions have 
not seriously interferred with its use. A more 
recent note reports the development of an 
arthritic syndrome following prolonged adminis- 
tration of hydralazine. '! 

All of these reports on the therapy of hyper- 

¢ Hydralazine used in this study was generously sup- 
plied by Dr. E. A. Reilly of Ciba Pharmaceutical Prod- 
ucts, Inc., Summit, N. J. 


tensive disease with hydralazine have dealt 
with treatment of outpatients. This report 
presents a study of the effect of hydralazine in a 
controlled hospital population under conditions 
established in previous studies on the effect of 
low sodium diets on the hypertensive state. An 
opportunity was thus provided to compare the 
effects of such diet with hydralazine therapy, 
often in the same patients. 


METHODS 


Twenty-five patients from the wards of the 
Columbia University Research Service, Gold- 
water Memorial Hospital, are the subjects of this 
report. The primary diagnosis of each patient 
was essential hypertension, the diastolic pressure 
on admission being at least 110 mm. Hg. There 
were sixteen men in the series with an average 
age of fifty-six (range thirty-seven to seventy- 
eight) and nine women with an average age of 
forty-eight (range twenty-three to seventy-one). 
Fourteen of these patients had previously been 
treated with a 95 mg. sodium diet during 
hospitalization on the Service. 

On admission the following tests were per- 
formed: history and physical examination, 
record of early morning blood pressures, fundus 
examination by an ophthalmologist, 6-foot chest 
film for heart size, intravenous pyelogram, 
electrocardiogram, complete blood count, ery- 
throcyte sedimentation rate, urinalysis, blood 
urea nitrogen, fasting blood sugar, PSP excre- 
tion, cold pressor and intravenous benzodioxane 
and/or regitine.® With the exception of the 


* From the Research Service, First (Columbia University) Division, Goldwater Memorial Hospital, Department of 
Hospitals, New York City, and the Department of Medicine, College of Physicians and Surgeons, Columbia University, 
New York, N. Y. This study was supported in part by grants from the National Institutes of Health and the Albert and 


Mary Lasker Foundation. 


t Present address: Department of Medicine, Cornell University Medical College, New York, N. Y. 
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intravenous pyelogram and the tests for pheo- 
chromocytoma, all procedures were repeated 
at the conclusion of the control period and again 
at the end of the treatment period. The basal 
metabolic rate was determined during the con- 
trol and treatment periods in eight patients. 

The control period was of sufficient duration to 
establish a stable blood pressure level, and aver- 
aged eight weeks in duration (range four to 
twelve weeks). During this and the subsequent 
treatment period all patients were ambulatory 
and participated in the relatively constant 
program of ward activities. Except for one pa- 
tient, J. P., on a house diet they were main- 
tained throughout the study period on a diet 
containing 1.5 gm. of NaCl per day. 

Oral test doses of hydralazine given prior to 
therapy showed a maximum response within 
three hours and no prolonged effect. Accord- 
ingly, the drug was administered at four-hour 
intervals from 6 A.M. to 10 p.m., the last dose 
being omitted if the patient were already asleep. 
The initial oral dose was either 10 or 25 mg., and 
this was increased by increments of 10 to 25 mg. 
until blood pressure response was achieved or 
side effects limited dosage. The average daily 
dose was 530 mg. (range 250 to 1,000 mg.). 

Early morning blood pressures were measured 
as described in previous publications from this 
Service.'?:'* Determinations were made by 
physicians with a mercury sphygmomanometer 
three times weekly while the patient was lying 
in bed before more than minimal daily activity 
had been undertaken. During the treatment 
period these early morning blood pressures were 
taken an average of two hours after the first 
dose of drug. Three readings were made, and 
the lowest systolic and diastolic pressures were 
designated as the early morning pressure for the 
day. The three early morning pressures in each 
week were averaged and considered the blood 
pressure level for that week. 

In presentation of the data, blood pressure 
values are reported under three categories: 
The “control” pressure is the average of the 
three weekly pressures before the start of the 
treatment period, and thus is derived from 
twenty-seven readings obtained under com- 
parable conditions. Similarly, the “final re- 
sponse” is the average of the last three weeks of 
the treatment period. A “maximal response” 
is presented as the lowest weekly average fol- 
lowing an increased dose of drug and, in con- 
trast to the two previous measures, is derived 
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from only nine blood pressure readings. The 
average duration of the treatment period for the 
twenty-three patients who were able to tolerate 
the drug at least three weeks was twelve weeks 
(range three to twenty-five weeks). In two cases 
toxic reactions forced treatment to be discon- 
tinued within a week. 


RESULTS 
Effects of Hydralazine on Blood Pressure 


Prolonged Oral Administration. Table 1 sum- 
marizes the data on blood pressure levels during 
the control, “maximal response” and “final 
response”’ periods. ‘The mean diastolic values for 
these twenty-three patients were: control 111 
mm. Hg, maximal response 92, final response 
97, representing a mean fall of 19 mm. Hg for 
the maximal response and 14 mm. Hg for the 
final period. As will be noted from Table 1, 
twenty-two of the twenty-three patients who 
were able to take the drug for at least three weeks 
showed a maximal response greater than 10 mm. 
Hg diastolic. However, the final response of only 
seventeen of these twenty-three subjects was 
greater than 10 mm. Hg. When the blood pres- 
sures of the control and final response periods 
were analyzed by means of the “‘t” test, it was 
found that significance of P < 0.01 could be 
ascribed to the changes ranging from 16 to 
31 mm. Hg which occurred in ten patients. In 
seven additional patients whose fall was 11 to 
16 mm. Hg, significance of P < 0.05 was found. 
These seventeen patients were considered re- 
sponders to hydralazine therapy. 

Figure 1 illustrates a case with a maximal 
response to hydralazine which is both significant 
and maintained throughout the treatment 
period. When hydralazine was discontinued 
after thirteen weeks the blood pressure re- 
turned to pretreatment levels within three weeks. 

In an effort to determine the relationship of 
the early morning blood pressures to fluctuations 
during the day, random blood pressure deter- 
minations were made repeatedly in eight patients 
in the supine position and compared with the 
corresponding early morning blood pressure 
during both the control and treatment periods. 
During the control period the diastolic pres- 
sures taken during the day averaged 13 mm. Hg 
(range four to twenty-three mm. Hg) higher 
than the early morning pressures, while during 
the treatment period the random pressures were 
9 mm. Hg higher (range 0 to 24 mm. Hg). This 


Treatment of Hypertension with Hydralazine—Stunkard et al. 


714 
TABLE | 
DATA ON BLOOD PRESSURE LEVELS 
Change in Blood 
, Blood Pressure Pressure Sai 
Patient Response tien 
Age to en Rx Toxic Effects Remarks 
Sex Diet Maximal; Final . Proba- 
Control Res Final bility (wk.) 
ponse | Response | Response 
Responders: 

J. W., 56, M 0 244/145 | 213/113 | 244/114 | —20/—31 | <O.01 | 12 eee een. Hematuria stopped but 
: PSP excretion fell from 
| 40 to 20% in 2 hr.; hgb. 

14.6 to 13 gm. 

creased; fundi improved 

R. C., 51, M + 209/135 | 182/106 | 182/109 | —27/—26 | <0.01 | 21 Severe headaches Marked decrease cardiac 

failure, fundi improved; 
BUN 26-+ 8 mg. %.; 
hgb. 15 to 12.9 gm. 

M. H., 71, F 193/103 | 159/ 82 | 156/ 84 | —37/—19 | <O.01 | 4 fo. eee eee cen Hgb. 13 to 11 gm. 

M. S., 37, M + 189/121 | 163/ 95 | 169/102 | —20/—19 | <0.01 | 18 ithsgdueheawednaweae Decreased weakness; in- 
| creased feeling of well 
| being; heart size de- 
| creased; congestive fail- 

ure decreased; hgb. 
16.5 to 15.1 gm. 

H. C. 23, F 171/ 99 | 142/ 75 | 154/ 80 | —17/—19 | <0.01 | 14 

C. B., 65, M 0 207/118 | 176/ 98 | 192/102 | —15/—16 | <0.02 | 12 Headaches; nausea and | Fundi improved; heart 

vomiting; palpitations | size decreased 

J. P., 43, M al 212/114 | 189/ 89 | 187/100 | —25/—14 | <0.05 9 Myocardial infarction; |...............65.665. 

headaches 

B. F., 52, F 190/100 | 191/ 86 | 189/ 88 | — 1f/—12 | <0.01 13 Decreased cardiac failure 

S. R., 37, F + 182/110 | 177/ 99 | 179/ 99 | — 3/—11 | <0.01 | 15 Headaches; nausea and | Fundi improved; head- 

vomiting; “hysterical! aches decreased 
stupor”; palpitations 

M. J., 52, F 0 167/104 | 142/ 79 | 160/ 93 | — 7/—11 | <0.02 | 25 Psychosis Tolerance 

E. B., 76, M ve 216/100 | 192/ 84 | 195/ 89 | —21/—11 | <0.05 | 3 Vertigo causing Cessa- |... 

tion of treatment 

M. B., 54, M 169/122 | 169/103 | 163/112 | — 6/—10 | <0.05 | 23 Headaches Heart size decreased; 

tolerance 
Non-responders: 

L. S., 56, M 0 235/115 | 205/ 98 | 218/107 | —17/— 8] ...... 14 Headaches Nitrogen retention \ Only 
two 
pa- 
uents 
with 
BUN 

> 50 

L. M., 39, 0 203/125 | 195/111 | 202/120 | — 1/— 5] ...... DG . fJesegekaddvecuvescesend Nitrogen retention | mg. 
% 

A 48, 0 202/106 | 196/ 86 | 199/102 | — 3/— 4] ...... 13 Nausea and vomiting 

R. O., 54, M 186/100 | 174/ 86 | 187/ 91 | + 1/— 9] ...... 10 

headaches 

E. L., 63, F 171/ 94 | 158/ 82 | 179/ 89 | + B/— 5/]...... 9 

vertigo 

i 

Discontinued Because of Untoward Reactions 
W. R., 50, M 179/102 | 165/ 97 | 172/103 | — 7/+ 1] ...... Du. Meesebhbbewumehedsacken Discontinued because of 

severe headaches; at 
this time EKG showed 
evidence of increased 
myocardial damage, 
and there was increased 
congestive failure 

drug fever in first week 
of treatment; patient 
had multiple sclerosis 

dent day after starting 
hydralazine; three pre- 
vious ones 
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was taken as evidence that the early morning 
blood pressures in both control and treatment 
periods adequately reflected changes occurring 
during the rest of the day. 

Response to Intravenous Test Doses of Hydralazine. 
In the early part of the study intravenous test 
doses of hydralazine were given to sixteen pa- 


715 


tered during oral maintenance. For this reason, 
as well as its limited usefulness in predicting 
responders to oral medication, this method of 
selecting patients was abandoned before com- 
pletion of the study. 

Tolerance to the Effects of Oral Hydralazine. 
Tolerance, as here employed, signifies that more 


EXAMPLE OF BLOOD PRESSURE RESPONSE TO HYDRALAZINE 


200) Pr 
175} 
Ne 
Blood 
150 | 
Pressure 
125 
months | 2 3 4 5 6 


Fic. 1. Patient J. B. with a blood pressure of 179/119 in the control period shows a “maximal response” of 
158/101 and a “final response” of 155/101. When hydralazine was discontinued, blood pressure returned to 


pretreatment levels. 


tients during the control period to see if sub- 
sequent response to oral administration could be 
predicted. An initial dose of 10 mg. was ad- 
ministered over a two-minute period to patients 
in a resting condition; if there was no hypo- 
tensive response, on subsequent days the dose was 
increased by 5 mg. to a maximum of 20 mg. A 
diastolic blood pressure fall of greater than 10 
mm. Hg was noted in fourteen patients, of 
whom ten later responded to oral medication 
and four did not. The two patients, R. C. and 
C. B., who did not respond to intravenous 
hydralazine were unable to tolerate more than 
10 mg. because of severe side reactions but by 
careful management achieved oral doses of 500 
and 800 mg. per day which resulted in signifi- 
cant blood pressure decreases. Side reactions 
following intravenous hydralazine tended to be 
more common and severe than those encoun- 
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and more of a drug must be used to produce 
equivalent effects.'‘ The development of toler- 
ance to the hypotensive effects of hydralazine has 
been previously reported’:* and denied.*:'° In the 
present series two patients, M. J. and M. B., were 
observed whose response to hydralazine indi- 
cated development of tolerance to the drug. The 
course of patient M. J. is illustrated in Figure 2. 
It will be noted that gradually increasing doses 
of hydralazine were required to reproduce the 
hypotensive effect first obtained with 75 mg. 
of the drug. 


Effects of Hydralazine on Other Manifestations of 
Hypertensive Disease 

Investigation of hydralazine was not confined 

to its effects on blood pressure but included also 

its influence on such other manifestations of 

hypertensive disease as signs and symptoms, 
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hypertensive retinopathy, cardiomegaly and 
electrocardiographic abnormalities. Favorable 
changes in these categories were found in only a 
small percentage of patients with a blood pres- 
sure response to hydralazine. , 
Signs and Symptoms. Of a total of ten patien 
with symptoms of congestive failure, improve- 
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and from grade m to grade u in three others, 
C. B., R. C. and S. R. Deterioration of eye- 
grounds during the treatment period did not 
occur. 

Heart Size. At the end of the control period 
the cardiac silhouette was enlarged in fifteen 
patients, of whom ten were in congestive failure. 


BLOOD PRESSURE RESPONSE FOLLOWED BY TOLERANCE 
TO HYDRALAZINE 


175, Pt: M.J. 
Blood 
fe) { \ 
Pressure 
mm Hg. 
WA 
hydralazine 
months | 2 


4 : 6 7 


Fic. 2. Patient M. J. with a blood pressure of 167/104 in the control period shows a ‘‘maximal response” of 142/79. 
Development of tolerance at three increasing dosage levels is illustrated, resulting in a “final response” of 160/93, 


a fall of only —7/—11. 


ment occurred in four: M. S., R. C., G. C. and 
B. F. Each experienced a decrease in dyspnea 
together with a diminution in objective evi- 
dence of congestive failure. Anorexia and nausea 
associated with failure was decreased in two of 
these, M. S. and R. C. In one patient, R. C., it 
was possible to reduce the daily dose of digoxin 
from 0.5 to 0.25 mg. Headaches were greatly 
improved in two of the four patients (G. C. and 
S. R.) with this symptom. 

Hypertensive Retionopathy. Examinations of the 
optic fundi of eighteen patients were performed 
by an ophthalmologist at the conclusion of the 
control and treatment periods. Grading was 
according to the Keith-Wagener-Barker scale'® 
in which grades 1 and n refer to vessel caliber; 
grade m1 includes superimposed exudates and 
hemorrhages; grade Iv is characterized by the 
presence of papilledema. A change from grade 
Iv to grade 11 was observed in one patient, G. C., 


Only three of these, M. B., C. B. and M. S., 
showed a decrease of more than 1 cm. in trans- 
verse diameter at the end of the treatment 
period. A further increase in heart size was not 
observed in any of the patients. 

Basal Metabolic Rate. A report'® that in- 
travenous administration of hydralazine to dogs 
resulted in a 30 per cent increase in oxygen 
consumption prompted determinations of the 
basal metabolic rate in eight patients during 
the control and treatment periods. A significant 
change was not observed in any of these subjects. 

Erythrocyte Count. The chemical similarity of 
hydralazine to phenylhydrazine has aroused 
speculation as to its possible effects upon the 
hematopoietic system. No such adverse effects 
have been reported to date. However, in the 
present study small but significant degrees of 
anemia developed in four patients during treat- 
ment with hydralazine. The anemia was of the 
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normochromic, normocytic type, with an aver- 
age fall in hemoglobin of 1.8 gm. and in hemato- 
crit of 6 per cent. The presence of renal failure 
sufficient to result in nitrogen retention may have 
contributed to this finding in one of the patients, 
J. W. No explanation for the anemia was ap- 
parent in the other three patients, M. H., M. S. 
and R. C. 

Renal Function. ‘The routine clinical tests of 
renal function revealed no significant changes 
during hydralazine therapy in twenty patients. 
In one patient, J. W., treatment was accom- 
panied by markedly reduced hematuria and 
albuminuria, while PSP excretion fell from 40 to 
20 per cent. In a second patient, J. B., there was 
an increase in PSP excretion and in a third, 
R. C., a decrease in blood urea nitrogen levels. 


Untoward Reactions during Hydralazine Therapy 


Headache. Untoward reactions during hy- 
dralazine therapy have been reported by all 
authors and were observed in this study. As will 
be seen from Table u, by far the most common 
such reaction was headache which occurred in 
nine patients. This was almost always of a 
throbbing type and was often associated with 
flushing of the face. It was most commonly 
generalized, sometimes frontal and/or occipital 
in location. Intensity of the pain was mild to 
moderately severe and it was usually relieved 
partially by aspirin and completely by demerol.® 
Response to antihistamines (pyribenzamine®) 
was inconstant. The headaches appeared just 
after the institution of hydralazine or after an 
increase in dose, and began most often in the 
early morning and lasted from an hour to all 
day. They tended to decrease in intensity and 
disappear within a week. Headache forced 
discontinuation of therapy in only one patient, 
W. R., although it limited the dose of hy- 
dralazine in one other, R. O. 

Of the seventeen patients who received in- 
travenous test doses of hydralazine six com- 
plained of a headache which was of the same 
type as observed on oral administration. Head- 
ache occurred either within half an hour after 
the injection or about six hours later. The 
former was correlated with a fall in blood pres- 
sure; the latter with a subsequent rise to hyper- 
tensive levels. 

Myocardial Damage. ‘The ability of hydralazine 
to produce tachycardia and increased cardiac 
output suggests that its administration may be 
dangerous in the case of a heart already under 
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strain. On the other hand, the beneficial effects 

of dietary and surgical treatment on electro- 

cardiographic abnormalities of hypertensive 

patients suggest the possibility that this may be a 

non-specific effect of blood pressure lowering, 

and thus to be expected also from drug therapy. 
TABLE 


UNTOWARD REACTIONS DURING HYDRALAZINE THERAPY 
IN TWENTY-FIVE PATIENTS 


Necessitating | Occurrence 
Reactions Occur- Cessation of | intv. Test 
Treatment /|(16 patients) 
9 1 (caused dose 6 
to be limited 
in 2 others) 
Nausea and vomiting 3 0 3 
2 1 (caused dose 0 
to be limited 
in 1) 
Emotional disturbance. ...... 2 0 0 
Myocardial damage......... 2 0 1 
Cerebral vascular accident 1 1 
Postural hypotension. ....... | 0 0 3 


The first reports*:* to consider this problem as it 
relates to hydralazine therapy have indicated 
that cardiac status does not improve and that 
incidence of electrocardiographic abnormalities 
is increased. Accordingly this problem was 
studied with the aid of electrocardiograms be- 
fore and during treatment in twenty-one patients 
in this series. 

Evidence of myocardial damage was found in 
two patients during drug treatment. One, W. R., 
was a fifty year old man with previous myo- 
cardial damage who went into more severe 
congestive failure in his first week on hy- 
dralazine. Electrocardiograms showed that 
had become inverted, the P waves flattened and 
that numerous auricular and ventricular pre- 
mature contractions had appeared. The second 
patient, J. P.,.a forty-three year old man with a 
normal electrocardiogram, developed a classic 
myocardial infarction during his eighth week of 
treatment at a time when blood pressure had 
fallen from 212/114 to 187/100 and he was 
asymptomatic. 

In addition to these two patients, a fifty-six year 
old woman with a past history of fourteen years of 
hypertension, myocardial infarction and angina 
responded unfavorably to an intravenous test 
with hydralazine. Twenty minutes after receiv- 
ing 10 mg. of the drug, and following a fall in 
blood pressure from 206/118 to 174/98, she 
developed severe pain in the left side of the 
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chest posteriorly. Subsequent electrocardiograms 
showed that T: had become depressed and T; 
and VT3,4,5 inverted. Over a period of six weeks 
all these changes except the inverted VT, re- 
turned to normal and it seemed likely that she 
had sustained a small myocardial infarction. 


TABLE II 
RESPONSE TO RICE DIET AND TO HYDRALAZINE TREATMENT 
OF PATIENTS WITH HYPERTENSIVE DISEASE 


Car- 
Blood 

.| Heart diac 

Pres- | Fundi| EKG Fail- 
sure 

Rice Diet 
Total patients....| 50 36 33 28 17 
_ Improved....... 36 13 19 9 9 
Unchanged...... 14 26 14 18 8 
rec 0 0 0 1 0 
Hydralazine 

Total patients....| 25 18 15 21 10 
Improved....... 17 4 3 1 4 
Unchanged...... 8 14 12 18 5 
a 0 0 0 2 1 


Cerebral Vascular Accident. One sixty-nine 
year old man, B. D., with a past history of three 
cerebral vascular accidents suffered a hemiplegia 
the day after starting hydralazine. As in his 
previous episodes there was recovery with 
minor residua in a period of ten days, and the 
relationship to hydralazine administration was 
not established. 

Fever. In one patient, J. M., who was suf- 
fering also from multiple sclerosis with evidence 
of brain damage, fever to 105°F. occurred at 
the end of the first week of treatment, forcing its 
termination. Test doses of hydralazine on two 
occasions soon thereafter resulted in a recur- 
rence of fever for which no other cause was 
found. Similar doses a year later were well 
tolerated. 

Emotional Disturbances. Psychosis following 
hydralazine has been reported only once"’ prior 
to this study in which unusual emotional dis- 
turbances were observed in two patients. In one, 
S. R., an acute hysterical stupor appeared in the 
sixth week of treatment, cleared three days after 
medication was stopped and did not recur upon 


Treatment of Hypertension with Hydralazine—Stunkard et al. 


its readministration. In the other, M. J., a 
woman of fifty-two with brain damage from 
two previous hemiplegias, primitivization of 
behavior began in the third month on hy- 
dralazine, continued with little change for three 
months and cleared promptly upon cessation of 
treatment. 

Nausea and Vomiting. Nausea and vomiting 
occurred in three patients on oral medication 
and in three receiving intravenous tests, indicat- 
ing that gastric irritation was not the sole factor 
in its production. These symptoms were never 
severe nor did they limit treatment. 

Vertigo. Both of the patients who complained 
of dizziness from hydralazine had a past history 
of Méniére’s syndrome and similar complaints 
occurred during both the control period and 
following treatment. Postural hypotension was 
not associated with this dizziness. Nevertheless 
the symptoms were more severe than usual dur- 
ing the medication period and it became neces- 
sary to terminate treatment in one patient, E. B., 
for this reason. 

Postural Hypotension. Postural hypotension, 
which has been reported during prolonged oral 
administration of hydralazine, was rarely ob- 
served in this study, even after oral doses which 
resulted in lowering of the blood pressure in the 
supine position. However, three of the patients, 
who received intravenous test doses with marked 
fall in blood pressure, were found to have pos- 
tural hypotension without apparently associated 
symptoms. 


COMPARISON WITH TREATMENT BY LOW SODIUM 
DIETS 


An opportunity for evaluating the therapeutic 
effectiveness of hydralazine in hypertensive 
disease is provided by comparison of its effects 
with those obtained on this Service by severe 
dietary restriction of sodium. Both the latter!?:!* 
and the present studies were carried out under 
the same conditions, using identical methods and 
similar patient populations. Furthermore, four- 
teen of the patients in the present report had 
previously been treated on this Service with a 
low sodium diet. The results of treatment with 
rice diet and with hydralazine are summarized 
in Table m1. 

It can be seen that diastolic blood pressure 
decreases of at least 10 mm. Hg were obtained in 
thirty-six of fifty patients (72 per cent) on the rice 
diet as compared with seventeen of twenty-five 
who received hydralazine (68 per cent). In 
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neither series was there a significant elevation of 
blood pressure during treatment. 

Fourteen patients in the present series had 
been treated previously with a low sodium diet. 
Seven had shown a significant blood pressure 
decrease and seven had not; this group therefore 
included a larger number of dietary non- 
responders than the rice diet series as a whole. 
Nevertheless, after return to the control diet ten 
of these fourteen subjects showed a significant 
blood pressure response to hydralazine. Of the 
seven dietary responders six responded to hy- 
dralazine; of the seven dietary non-responders 
four responded to hydralazine. It is clear that 
failure of dietary treatment does not preclude 
effective hydralazine therapy. 

Decrease in transverse cardiac diameter of 
more than 1 cm. was observed in nineeten 
of thirty-three patients on the rice diet as com- 
pared with three of fifteen on hydralazine. 
Similarly, improvement in hypertensive retinop- 
athy of at least one grade according to the 
Keith-Wagener-Barker scale occurred in thirteen 
of thirty-six patients on the rice diet and in only 
four of eighteen receiving the drug. There was no 
deterioration in these indices of hypertensive 
disease during treatment by either method. A 
greater efficacy of diet in the management of 
congestive failure is possibly manifested by the 
finding that nine of seventeen patients improved 
on this regimen as compared with four of ten 
on hydralazine. 

The most striking difference between the 
dietary and hydralazine treatments was noted 
in their effects upon the electrocardiogram. 
The rice diet produced electrocardiographic 
improvement in nine of twenty-eight patients, 
with deterioration (due to myocardial infarc- 
tion) appearing in only one. In contrast, im- 
provement was noted in only one of twenty-one 
patients on hydralazine and deterioration in two. 

Serious complications of therapy were un- 
common in both series, each of which contained 
one myocardial infarction and one cerebral 
vascular accident, none definitely attributable 
to the treatment. Minor complaints were present 
in the rice diet series and tended to be more 
troublesome than those described with hydrala- 
zine. Thus there was a “general unhappiness 
about the stringent deprivations” of the diet, 
together with lassitude and weakness in 30 per 
cent of the patients. Another 30 per cent of the 
patients required modification of the diet due to 
severe gastrointestinal complaints. The addition 
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of liberal amounts of protein, fat and vegetables 
of low sodium content significantly reduced side 
reactions to the rice diet without diminishing its 
therapeutic effect.'* However, these modifica- 
tions did not greatly increase the palatability of 
the diet and required even more extensive 
dietetic supervision. 


COMMENTS 


The evaluation of any current treatment for 
hypertensive disease faces difficulties which arise 
not only from the non-specific nature of the 
treatment but also from the long and variable 
course of the disease.'*'® Two questions are 
raised: first, can blood pressure be lowered over a 
long period of time and, second, does such a 
lowered blood pressure influence the course of 
the disease? The present study is an effort to 
answer the first question, whether hydralazine 
meets the criteria of safety, effectiveness and 
convenience required for widespread and pro- 
longed use. Only such an agent will allow the 
duration of treatment necessary to determine its 
effect on the course of the disease. Evidence 
already available suggests that lowering blood 
pressure has a favorable effect on this course 
since a variety of surgical, dietary and phar- 
macologic treatments with apparently little in 
common except their anti-hypertensive effect 
have led to regression in other manifestations of 
hypertensive disease. 

Previous studies from this Service!?:!* have 
established in some detail the rigorous criteria 
which must be met before changes in hyper- 
tensive disease occurring during a therapeutic 
regimen can be considered either specific or 
significant. Such changes are most readily 
evaluated in hospitalized patients maintained 
on a constant level of activity and a constant 
diet. The effects of hospitalization itself must be 
controlled by a sufficiently long period of ob- 
servation to ensure stabilization of the disease 
process in general and of the early morning 
blood pressures in particular. This has required: 
as long as twelve weeks, and it was necessary to 
exclude several patients from the present study 
because of the difficulty in obtaining an adequate 
baseline. 

Daily observation of the patient under these 
conditions allows for a precision of observation 
which is hardly possible under other circum- 
stances. Stability of the blood pressure averages, 
for example, is such that a significance of p < 
0.05 may be attributed to diastolic responses of 
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greater than 10 mm. Hg, and significance of 
p < 0.01 to diastolic responses of greater than 
16 mm. 

Evaluation of the therapeutic effect of hydral- 
azine may be facilitated by comparison with the 
results obtained with low sodium diets. The 
only previous such comparison is that of Gill 
et al.*° who have reported on seven patients 
treated at different times with dietary restriction 
of sodium and again with hydralazine. One of 
these patients responded to both regimens and 
one to sodium restriction but not to hydralazine. 
In the series reported here, in which a con- 
siderably larger percentage responded to each 
regimen, it would appear that diet is somewhat 
more effective than hydralazine. Thus while 
about 70 per cent of patients treated under com- 
parable conditions with each method had a 
significant fall in diastolic blood pressure, a 
higher percentage of those treated with diet 
showed improvement in hypertensive retinop- 
athy, cardiac enlargement and electrocardio- 
gram. The significance of this improvement in 
the electrocardiogram of those on diet is un- 
clear in view of recent work”! suggesting that this 
may be an artefact based on an altered electro- 
lyte pattern. 

In terms of ease of management, hydralazine 
treatment has many advantages over low sodium 
diets. The anti-hypertensive effect is more 
rapidly achieved and is less readily jeopardized 
by a break in the regimen. Troublesome side 
reactions are less common than on the rice diet 
and not more frequent than are found on the 
modified low sodium diet. Such modifications 
do not, however, greatly increase palatability 
and even these diets were less acceptable to the 
patients than hydralazine therapy. Finally, drug 
treatment obviates the considerable investment 
in a special kitchen and the extensive dietetic 
supervision which have been found necessary 
for effective inpatient treatment with diet. 

The results of the present study indicate that 
hydralazine has an effect on blood pressure 
comparable to that of low sodium diets without 
achieving the same degree of improvement in 
such other manifestations of hypertensive disease 
as retinopathy, cardiac enlargement and electro- 
cardiographic abnormalities. It can be admin- 
istered with relative safety and is better accepted 
by patients than is dietary treatment. It appears 
suitable for use in the long-term studies which 
alone can determine whether drug therapy may 
affect the natural history of hypertensive disease. 
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CONCLUSIONS 


1. A controlled study of the effects of hy- 
dralazine in the hospital treatment of twenty- 
five patients with essential hypertension is 
reported. These results are compared with those 
obtained under the same conditions by treat- 
ment with low sodium diets. 

2. Significant reduction in blood pressure was 
achieved in seventeen patients (68 per cent) over 
an average of thirteen weeks. There was regres- 
sion of such changes as hypertensive retinop- 
athy and cardiac failure in less than 25 per 
cent of these patients. | 

3. Side reactions in most, and tolerance in 
some patients, require careful regulation of 
dosage and supportive measures. The duration of 


this study does not permit conclusions as to possi- 
ble ill effects of prolonged administration of 
hydralazine. 

4. Hydralazine probably should not be used 
in patients with evidence of coronary or cerebral 
artery disease. This appears to be the main defi- 
nite contraindication. 

5. Comparison with treatment by low sodium 
diet reveals hydralazine to be of some what lesser 
therapeutic potency. This disadvanta ¢« may be 
compensated by the greater ease of ma "ement 
of the drug. 


REFERENCES 


1. Reus, F. Influence de quelques vasodilateurs 
périphériques sur le flux sanguin renal. Helvet. med. 
acta, 16: 297, 1949. 

2. Wiikinson, E. L., Backman, H. and Hecurt, H. H. 
Cardiovascular and renal adjustments to a hypo- 
tensive agent. J. Clin. Investigation, 31: 872, 1952. 

3. Scumip, A. and Reusi, F. Hamodynamische Eigen- 
schaften zweierneuer Phthalazinderivate. Helvet. 
med. acta, 17: 543, 1950. 

4. Grimson, K. S., Currrum, J. R. and Metca tr, B. H. 
Actions of 1-hydrazinophthalazine (C-5968) on 
vasomotor reflexes and hypertension in dogs and 
man. Federation Proc., 9: 279, 1950. 

5. Mover, J. H. and Hanp.ey, C. A. Renal function 
and systemic blood pressure changes following the 
administration of hydrazinophthalazine. J. Lab. @ 
Clin. Med., 36: 969, 1950. 

6. Riven, S. S., Pocock, D. G., Kory, R. C., Roenm, 
D. C., Anperson, R. S. and MeENEELYy, G. R. 
The control of hypertension with 1-hydrazino- 
phthalazine (apresoline). Am. J. Med., 14: 160, 
1953. 

7. ScHroeper, H. A. The effect of 1-hydrazino- 
phthalazine in hypertension. Circulation, 5: 28, 
1952. 

8. Taytor, R. D., Dustan, H. P., Corcoran, A. C. 
and Pace, I. H. Evaluation of 1-hydrazino- 
phthalazine (apresoline) in treatment of hyper- 
tensive disease. Arch. Int. Med., 90: 734, 1952. 


AMERICAN JOURNAL OF MEDICINE 


| 


10. 


11. 


12. 


13. 


14. 


Treatment of Hypertension with Hydralazine—Stunkard et al. 


Mover, J. H. Hydralazine (Apresoline®) hydro- 
chloride, pharmacological observations and clini- 
cal results in the therapy of hypertension. Arch. 
Int. Med., 91: 419, 1953. 

J. H. and Linpauer, M. A. 1-hydra- 
zinophthalazine (apresoline) in the treatment of 
hypertension: a two-year study. Circulation, 7: 52, 
1953. 

Dustan, H. P., Taytor, R. D., Corcoran, A. C. 


and Pace, I. H. A syndrome elicited by prolonged 


administration of large doses of hydralazine. J. 
Lab. & Clin. Med., 42: 801, 1953. 

Watkin, D. W., Froes, H. F., Hatcn, F. T. and 
Gutman, A. B. Effects of diet in essential hyper- 
tension. 1. Baseline study: effects in cighty-six 
cases of prolonged hospitalization on regular 
hospital diet. 1. Results with unmodified Kemp- 
ner rice diet in fifty hospitalized patients. Am. J. 
Med., 9: 428, 1950. 

Hatcn, F. T., Wertuem, A. R., Eurman, G. H., 
Froes, H. F., Watkin, D. M. and Epstein, H. A. 
Effects of diet in essential hypertension. 11. 
Alterations in sodium chloride, protein and fat 
intake. Am. J. Med., 17: 499, 1954. 

Tatum, A. L., Seevers, M. H. and Co K. H. 
Morphine addiction and its physiological inter- 


NOVEMBER, 1954 


15. 


16. 
17. 


18. 


19. 


21. 


721 


pretation based on experimental evidences. J. 
Pharmacol. G Exper. Therap., 36: 447, 1929. 

Keirn, N. M., Wacener, H. P. and Barker, N. W. 
Some different types of essential hypertension; 
their course and prognosis. Am. J. M. Sc., 197: 332, 
1939. 

Marks, P. A. and Reyne te, P. C. Abstract. J. Clin. 
Investigation, 32: 586, 1953. 

Moser, M., Syner, J.. Mexitz, S. and 
T. W. Acute psychosis as a complication of hydral- 
azine therapy in essential hypertension. J. A. M. 
A., 152: 1329, 1953. 

BLoop, D. W. and Perera, G. A. Hypertensive 
vascular disease (duration of life in a selected 
series). Am. J. Med., 4: 83, 1948. 

Perera, G. A. Diagnosis and natural history of 
hypertensive vascular disease. Am. J. Med., 4: 416, 
1948. 


. Gut, R. J., Duncan, G. C. and Remnnarpt, D. J. 


Arterial hypertension: the therapeutic effect of 
sodium restriction combined with 1-hydrazino- 
phthalazine or dibenzyline. Am. J. M. Sc., 226: 249, 
1953. 

Koun, R. M. and Kutey, J. E. Electrocardiographic 
changes during hemodialysis with observations on 
contribution of electrolyte disturbance to digitalis 
toxicity. Ann. Int. Med., 39: 38, 1953. 


= 
9. 


Conference on Therapy 


How to Evaluate a New Drug 


HESE are stenographic reports, which have been edited, of conferences by the members 

of the Department of Pharmacology and Medicine of Cornell University Medical 
College and New York Hospital, with collaboration of other departments and institutions. 
The questions and discussions involve participation by members of the staff of the college 
and hospital, students and visitors. A selected group of these conferences is published in an 
annual volume, Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. Harry Go.p: The problem of clinical 
evaluation of new drugs at the present time 
presents a serious bottleneck to therapeutic 
progress. The laboratories are bursting at the 
seams with new chemical agents relating to al- 
most every field of treatment. There are the 
large numbers of local anesthetics, general 
anesthetics, adrenergic and cholinergic com- 
pounds, the peripheral blocking agents, central 
nervous stimulants and depressants, cardiac 
agents, diuretics and others. The pharmacologic 
laboratories are doing a very good job in screen- 
ing these materials but there is always the need 
of getting the final answer from clinical pharm- 
acology, studies made directly in human sub- 
jects. Here is where the advance slows down 
markedly. 

Three needs are in evidence here, physicians 
familiar with the management and sufficiently 
trained in scientific investigative procedures; 
sufficient clinical facilities suitably organized for 
this purpose; and the development of good 
methods for testing drugs, comparing one agent 
with another in such a way as to secure the most 
information with the fewest number of patients 
in the shortest possible time. These are the 
problems but in this conference we are going to 
explore only one of them, namely, methods for 
clinical evaluation of a drug, how to do this in 
human subjects in such a way as to obtain a 
verdict not likely to be reversed. If we are not 
going to do a particular study ourselves, the 
results of this conference should help us to see 
what we have to look for in the reports of others, 
for one can get a very good notion about the 
validity of conclusions from the kind of methods 
that were employed. Dr. William Grace will 
lead off the discussion. 

Dr. WiLuiAM J. GRACE: It is well known that 
the response to a particular pharmacologic 
agent in a group of patients is not invariably the 
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same or even predictable. When we learn that a 
certain agent proved effective in, say 35 per cent 
of the patients, we accept the result and let it go 
at that. This is one way of evaluating a thera- 
peutic agent. There are other questions which 
need to be raised and answered and I will con- 
fine my comments to some of the experiments 
that we have recently made in this connection. 
I refer to the matter of determining the factors 
in any particular individual which alter the 
responses to the drug in question from time to 
time. It helps to understand why an agent may 
fail to work at one time or produce more effect 
than anticipated at another. 

We have had opportunity to make a variety of 
observations on the responses of the gastro- 
intestinal tract during various mood and feeling 
states in our subject, Tom, a man with a gastric 
fistula. In one instance, he was lying on the table 
and carrying on a free discussion of appetizing 
foods which appealed to him. This was late in 
the morning, he felt hungry, and expressed the 
desire to eat. At this time the stomach showed 
an increase in blood flow, total acid secretion 
and gastric motility. Under these circumstances 
the introduction of beef bouillon into the 
stomach was followed by further increase in 
blood flow and secretory and motor activity. 
The result was different when the same experi- 
ment was made at a time when the subject felt 
discouraged and depressed, preoccupied with 
self-criticism because of his inability to effec- 
tuate a deal in the purchase of a house. During 
this period he complained of fullness after eating, 
lack of appetite and loss of interest in eating. At 
this time the same beef bouillon stimulus was 
followed by little or no change in the secretion or 
motor activity of the stomach. 

Changes in stomach function during anger 
were observed in this subject. Tom was discuss- 
ing his attitude toward a man who had recently 
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discharged him from his employment under 
circumstances which the subject felt were 
embarrassing and humiliating. He showed visible 
anger. In this state the stomach showed an 
increase in blood flow, hydrochloric acid and 
motility. 

During fear the opposite was noted. Tom was 
suddenly faced with the fact that his supervisor 
would soon become aware of Tom’s lack of 
attention to carrying out the jobs that he had 
been assigned. The professor entered the labora- 
tory and searched for a protocol book which 
Tom was thought to have filed. Tom became 
frightened that his laxity would be discovered 
and he would be discharged. However, the 
professor found the book and walked out satis- 
fied. Sharp changes in the behavior of the stom- 
ach took place. During the sudden experience of 
great fear there was blanching of the mucosa, 
decline of secretion and cessation of motor 
activity. During the period of recovery of con- 
fidence the blood flow increased and motor 
activity rapidly returned. Such changes in either 
direction occur rapidly without the individual 
necessarily verbalizing any feeling state that 
may be associated with them. In the laboratory, 
changes often appeared in the stomach before 
the particular drug was introduced. The nature 
of the change depended on his attitude at the 
time. For example, when Tom was frightened 
by the prospect of taking a large and disagreeable 
looking pill, his stomach became pale and hypo- 
active before the medicament was administered. 
On another occasion Tom became angry at 
being given an injection. Hyperfunction of the 
stomach was noted before the injection. 

When the subject ate an average meal at a 
time when he felt hungry and was interested in 
eating, the gastrocolic reflex was brisk, resulting 
in increased blood flow, motor activity and 
secretory activity in the large bowel. It was not 
brisk, however, when the food was introduced 
directly into the patient’s stomach or when he 
forced himself to eat without much appetite. 
Under these circumstances none of the changes 
indicating activity of the gastrocolic reflex took 
place. 

An attempt has been made to get around the 
difficulty of persons reacting differently to 
different laboratory situations by making use of a 
standard type of stress stimulus. This has not 
proved very successful, since different persons 
exposed to the same trying circumstances react 
in different ways to it. In one group of experi- 
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ments, observations on the large bowel were 
made while the subjects were exposed to the 
stressful situation of having a tight metal band 
clamped around their head. In one subject the 
bowel became very pale and hypomotile during 
the period of the intense pain; this man later 
reported that he had been overcome with feel- 
ings of intense fear and fright. In another sub- 
ject the same situation caused an increase in the 
blood flow and an increase in the motor activity 
of the large bowel, this person reporting that 
he was not frightened by it at all but was in a 
state of conflict over his wish to go ahead with 
the experiment and angry feelings at us for 
subjecting him to such an_ uncomfortable 
procedure. 

The effect of a drug differs with the patient’s 
mood at the time it is given. When our subject 
Tom was angry, the stomach showing high color, 
high acid secretion and hyperfunction, a dose of 
0.6 mg. atropine failed to alter the motility or 
secretion. On another occasion when he was 
feeling more calm and secure and cheerful in his 
attitude toward us, the same dose of atropine was 
followed by cessation of motor activity in the 
stomach. Similarly in the colon, on a day when 
afistulous, he was clearly preoccupied with 
thoughts that he was being treated as a freak, 
was embarrassed and humiliated by the pro- 
cedures and wished he had never gotten involved 
in them, an injection of 2 mg. of atropine 
intravenously was followed by no significant 
change in blood flow, secretory or motor activity 
of the bowel. At a later date during a time when 
he was feeling very much more cheerful and 
kindly disposed toward the experiment and 
laboratory procedures, the same dose of atropine 
resulted in marked hypofunction of the colon. 

What I have pointed out here applies not only 
to atropine but also to the effect of food and 
other drugs such as physostigmine, prostigmine, 
acetylcholine and histamine. These experiments 
all go to show that in evaluating a drug one 
needs to know not only the nature of the drug 
and the dose but also the status of the individual 
at the time the drug is given. 

Dr. Gotp: These very interesting experiments 
cited by Dr. Grace have to do with the reaction 
of the total person, the influence of mood or 
attitude on the response to a drug. His examples 
are drawn from observations on the gastro- 
intestinal tract but the same can be shown to 
apply to responses of the blood pressure, the 
heart, or any other functional system in the body. 
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Dr. Grace points out that we fall short of under- 
standing the effect of a drug unless we observe 
it in action during different emotional states and 
he suggests that in the evaluation of a drug we 
should first ascertain and define the patient’s 
mood or attitude. Perhaps we can have some 
discussion of another approach to the evaluation 
of a drug, one that does not necessarily require 
such definition of the patient’s emotional state. 
I have reference to a comparison of one com- 
pound with another, an attempt to determine, 
for example, by how much one compound is 
more potent than another in relation to a par- 
ticular effect. The moods and attitudes of the 
patients used in such comparisons are very 
important and influence the results but it is 
possible so to design the evaluation that what- 
ever influence the emotional state of the patients 
may exert is canceled out by having it distributed 
equally between the two compounds used in the 
comparison. The two compounds may involve 
an allegedly potent agent and a blank of such 
physical properties as to render a distinction 
between the two impossible except through some 
pharmacologic potency which may exist. On 
the other hand, the two compounds may both 
be potent and we test them to determine a dif- 
ference in potency. In this type of evaluation of a 
new drug there are two indispensable elements: 
one is the notion of a comparison of one thing 
with another, the other is the factor of the dou- 
ble-blind procedure which calls for such an 
arrangement of the investigation that neither 
the patient nor the doctor is aware of the identity 
of the two agents until the results are in and 
analyzed. This is imperative to avoid the influ- 
ence of subconscious bias. The failure to use the 
double-blind test and the placebo in the attempt 
to evaluate a new drug is responsible for a large 
proportion of erroneous conclusions in clinical 
testings. It is particularly noteworthy in drugs 
used for the treatment of gastrointestinal symp- 
toms, hypertension and angina pectoris. I am 
not sure why it is that the use of a placebo is 
considered by many physicians objectionable in a 
method of clinical evaluation and why there 
seems to be so much resistance to the idea that 
the experimenting doctor and the patient should 
remain in the dark about the identity of the 
agent until the comparison is finished. 

Dr. FRANK C. Fercuson, Jr.: Dr. Grace has 
cited examples showing how the patient’s moods 
can influence the effects of a drug. Could we hear 
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something about the influence of the doctor’s 
attitude on the effects of a drug? 

Dr. Go tp: It is not difficult to find examples 
of the profound influence of the doctor’s atti- 
tude. The case of khellin is a good illustration of 
recent vintage. This material was introduced a 
few years ago for the treatment of cardiac pain 
in coronary disease and for bronchial asthma on 
the basis of laboratory experimentation showing 
that it exerts a potent smooth muscle relaxing 
action. Clinical trials proved that by far the 
larger proportion of patients with angina pectoris 
obtained partial or complete relief with this 
drug. A placebo was used in some of these 
studies but the physician knew which was which 
at the time of his questioning the patients. A 
group of us undertook the investigation of 
khellin by the double-blind test, using a placebo 
which in physical appearance was indistinguish- 
able from the tablets of khellin, and arranged 
observations in such a way that neither the pa- 
tient nor the doctor was aware of the identity of 
the two materials until the results were all in and 
analyzed. After some 3,000 answers regarding 
the effect on pain of the placebo and khellin 
given to the same group of patients, the results 
showed that if the patient and the doctor were 
kept in the dark regarding the identity of the 
agents, the placebo and khellin could not be 
distinguished with respect to the effect on cardiac 
pain. 

The whole history of therapeutics, especially 
that having to do with the action of drugs on 
subjective symptoms, demonstrates that the 
verdict of one study is frequently reversed by 
another unless one takes measures to rule out the 
psychic effect of a medication on the patient and 
the unconscious bias of the doctor. The double- 
blind test insures this. 

Dr. FeERGuson: You speak of the need for the 
double-blind test in cases where drugs are 
tested for their effects on subjective symptoms. 
How about so-called objective matters? Do you 
believe that the double-blind test is necessary 
there to avoid error in interpretation? 

Dr. Goxp: I think it is well that you used the 
term “‘so-called”’ objective. I am beginning to 
wonder whether there are any truly objective 
observations. In the study of drugs in hyperten- 
sion, a measurement of the blood pressure would 
certainly seem to be an objective criterion but 
I have a notion that the reading of the blood 
pressure also depends on how the doctor feels 
about the agent. Subconscious bias is a very 
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subtle mechanism. Results of a study gain 
considerably in validity if the doctor making the 
observation, subjective or objective in nature, 
does not know whether it is the placebo or the 
medication in question he is concerned about. 

Dr. BENJAMIN JABLONS: How important would 
a placebo be in evaluating the potency of a 
diuretic agent? 

Dr. Gorn: In that case, of course, the par- 
ticular agent is compared with a standard. What 
would you think, Dr. Cattell, about the need for 
a double-blind test in a comparison involving a 
diuretic effect as a measure? 

Dr. McKEEnN CatTeELt: It should be done as a 
double-blind test. There is always the possibility 
of a subjective element coming into the experi- 
ment at one point or another and influencing 
the results. 

Dr. Paut ReznikorF: One of the least sub- 
jective measurements is that of the iron content 
of the blood in an anemic patient when following 
the improvement in the hemoglobin value dur- 
ing medication. Attempts are made to diminish 
dependence on subjective impressions and verify 
results with hemoglobin values and hematocrit 
readings. In these patients attempts have been 
made to determine the relative value of various 
iron compounds and on the basis of such objec- 
tive measurements it has been stated that some 
forms of iron are more effective than others. 
However, if one views the objectives in these 
cases in more common sense terms, it is ex- 
tremely difficult to find any substantial difference 
in the efficiency of iron compounds. I wish to 
suggest that when one is dealing with human 
beings, it is very difficult to have a purely objec- 
tive measurement. 

Dr. Gop: You mean that in all so-called 
objective studies or studies using objective 
measurements, subjectivity seems to creep in 
somehow. 

Dr. ReznikorrF: Yes, honest subjectivity. I do 
not refer to those cases in which a person wishes 
to prove something. 

Dr. Gotp: I am glad to hear you say “honest 
subjectivity.” I think it is a matter of the greatest 
importance to recognize that the bias on the part 
of doctors that is most serious is the unconscious 
bias, the kind of thing of which the doctor, 
himself, is not aware. 

I think Dr. Reznikoff has pointed up an im- 
portant factor in the comparison of therapeutic 
agents, namely, the selection of appropriate 
criteria for judging total results. A comparison 
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of iron preparations in the treatment of anemia 
by the measurement of red cells, hemoglobin and 
hematocrit may possibly show differences be- 
tween one compound and another, which 
fail to emerge when a comparison is made in 
terms of the well-being of the patient as a whole. 

Dr. CatTE.-: Dr. Grace’s results are certainly 
significant in showing the importance of differ- 
ent mood states in relation to the action of a 
drug. In this connection, however, there is 
another point which seems to me of great value 
to the physician, and that is the fact that he 
would like to know what the reaction to a 
particular agent is likely to be in the general 
population. The doctor has to start somewhere. 
Studies of a drug should provide him with some 
notion as to the probability of the drug proving 
useful in a particular situation. If we use a 
suitable control agent, we can determine whether 
the particular drug is better than another or has 
the same effect as another on the average 
population. 

Dr. Gop: What Dr. Cattell has just said 
touches on an important aspect of the compari- 
son of drugs in humans, namely, the matter of 
selection of suitable patients for investigation. 
If it is something about the general population 
that one is looking for, then the study patients 
must be truly representative. The same applies 
if the problem relates to some specific class of 
patients. 

Dr. RosBert D. Huesner: How are you going 
to do the double-blind test in a situation such as 
anticoagulant therapy in which the doctor has to 
prescribe or order a day-to-day dose on the basis 
of the prothrombin test? He has to know the 
result of this objective test before he can prescribe. 

Dr. Go.p: You are quite right if what you are 
thinking about is a doctor treating a patient. 
When he does that he has in effect already 
assumed that dicumarol is valuable and he pro- 
ceeds to use it. That, however, is not what we 
are discussing. We are talking about investigat- 
ing a drug, let us say in this case dicumarol. 
Now we are in the position of trying to deter- 
mine whether it is valuable. In such a situation 
the double-blind test is imperative and the 
difficulty you mention is easily overcome by 
having one person carry through the dicumarol 
treatment while another person to whom the 
nature of the treatment remains unknown, 
whether placebo or dicumarol, makes the 
decisions concerning the clinical course and 
complications. 
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Dr. HvueEBNerR: But if the patient begins to 
bleed, the doctor and the laboratory person will 
have to get together to find out whether or not 
it is due to the dicumarol. 

Dr. Gotp: Yes, that is correct. This would 
interrupt the experiment. One might add that 
if the person in charge of the dicumarol dosage 
and prothrombin testing keeps a close watch on 
the situation, the effects should rarely if ever 
get out of hand and bleeding due to dicumarol 
should rarely occur. 

Dr. WALTER MODELL: Dr. Gold, one of the 
problems that presents itself during the investi- 
gation of a drug arises from the fact that the 
patient himself may know that he is the subject 
of an investigation. This information is highly 
charged and may have a bearing on the results. 
Perhaps you might wish to elaborate on this 
point. 

Dr. Gotp: It is a very important point. The 
impact of the patient’s knowledge that the 
medication is part of an investigation is properly 
distributed only when all patients are treated. 
Do not have a treated and an untreated patient 
in the study. Treat them all with a tablet, or a 
solution, or an injection, as the case may be, one 
with the allegedly potent agent and the other 
with something that looks, tastes and smells 
exactly like the first but is a dud. All the patients 
in the study should appear to be exposed to the 
same things. 

Dr. Horace S. BALpwin: I believe this point 
has already been made, but I should like to 
refer to our own experience in allergy which 
leaves us with little doubt that a placebo may 
cause considerable improvement in the pa- 
tient’s symptoms. We had an opportunity to 
compare a vaccine for hayfever with a placebo. 
We did not do the double-blind test because the 
doctor knew which the patient was receiving. 
The results were unequivocal in showing the 
value of a placebo in a “‘subjective”’ illness. 

Dr. Gorp: The significance of your point 
about patients showing improvement in symp- 
toms as the result of a placebo cannot be over- 
emphasized. It can be demonstrated in about 30 
or 40 per cent of all patients with all sorts of 
disorders. This fact is responsible for the vast 
literature on drugs that have come into thera- 
peutics with high promise and have left the 
scene with little loss. 

Dr. SoLtomon Gars: Is a placebo necessary in 
relation to mortality rates for treated and un- 
treated cases? 
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Dr. WixuiAM T. Fo.ey: I would like to make a 
point here in regard to mortality statistics as 
related to our study on dicumarol in coronary 
thrombosis. We placed most dependence on the 
course of mortality rates. The design of the study 
called for the alternate case method of treated 
and untreated cases in the sixteen hospitals. 
We were a bit troubled, however, by the fact 
that in some instances this plan for the selection 
of cases was disturbed. Here was a new drug 
supposed to be helpful for a disease which 
carried a high mortality. The word soon got 
around among the patients in the hospitals and 
among the families that certain patients were 
receiving the drug and others were not. In 
many instances great pressure was brought to 
bear to see that certain cases would receive it. 
It raised some question in our minds as to how 
far one might properly go in judging the value of 
a method of therapy by the mortality statistics. 

Dr. Go tp: This is just one more illustration of 
the importance of seeing to it that there are no 
untreated cases in a study of a new drug or 
treatment. 

Dr. ReznixorF: We have in the audience an 
authority on this study, one of our alumni, Dr. 
Quick. I wonder if we could have some of his 
impressions. 

Dr. ARMAND J. Quick: I agree fully with the 
stress which has been placed here on the double- 
blind test. Specifically, in the matter of anti- 
coagulant treatment of heart disease I think that 
a valid evaluation requires that one person 
governs the dicumarol, that another looks after 
the patient and that a third evaluates the treat- 
ment. No matter how honest we try to be, if we 
become enthusiastic we are carried away, and in 
some manner or other transmit the enthusiasm to 
the patient. I have made the remark on other 
occasions that the more impressive the clinician, 
the more engaging his personality, the worse he 
is from the standpoint of evaluating drugs, be- 
cause his personality very often dominates the 
patient. 

Dr. Gop: I suppose that what you are sug- 
gesting is that we should not try to alter the 
personality of the investigator but let him enjoy 
whatever personality he has and neutralize the 
bias it might create by balancing the effects of 
the drug against the placebo. 

Dr. Quick: That is the point. 

Dr. Gop: I wonder if we might have some 
comments on this subject from Dr. Bross who is 
an expert in vital statistics and has had much to 
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do with designs for the investigation of thera- 
peutic problems. 

Dr. Irwin D. J. Bross: I am very much im- 
pressed with the remarks I heard today. It 
seems as though this group has a level of so- 
phistication that I have not often encountered in 
my work with medical groups. I might say a 
word about this third person who was mentioned 
by Dr. Quick. I guess this is more in the nature 
of a statistician’s type of third person. He can be 
replaced by a machine. The reason I mention 
this is that frequently it is inconvenient to have 
the decisions made by a third person. There are 
many situations in which decisions can be made 
by a pair of dice which represent a third person 
in this particular sense. If a pair of dice sounds 
unscientific, you can call it randomization, and 
you can use a random number table which is 
perhaps not as illegal looking as a pair of dice. 

Dr. Fercuson: Since the matter of statistics 
has been brought up, I should like to remark that 
I have an intense prejudice against the mass of 
statistics that accompanies the introduction of 
new drugs. It seems to me that statistics as 
they are so often used are too often misleading. 
Many people believe that they eliminate chance 
when in fact they merely give an idea as to the 
probability of the results being due to chance. 
There is also the fact, which is often overlooked, 
that statistical analysis of the results does not 
correct the defect of a bad experiment. 

Dr. Bross: Yes, but I want to point out where 
statistics do come in. Actually, there are two 
things which interfere with the evaluation of 
drugs. The first is what might be termed the 
experimental error, sampling variation. This is 
essentially the factor that is supposed to be con- 
trolled by statistics. The second thing is the 
particular factor that has received special atten- 
tion at this conference, namely, bias. The stand- 
ard statistical tests do not in themselves control 
bias. Analysis by statistical technics is based on 
the assumption that the results are unbiased. 
I would agree, therefore, that there is a great 
deal of statistical, or presumably statistical, 
material that is published which is completely 
misleading simply because of the belief that all 
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that is necessary to solve a problem is to put 
down a little statistical arithmetic. Much more 
than that is necessary. The problem is much 
more complicated. 

Dr. Go.p: I presume that the item to which 
you refer is the design as to bias before the 
experiment is actually carried out. 

Dr. Bross: Yes, the design as to bias. 


SUMMARY 


Dr. Gotp: This conference directed its atten- 
tion to the problem of the clinical evaluation of 
new medicinal agents as one of the major issues 
in therapeutic progress: How to secure verdicts 
in the comparison of one drug with another 
which stand a reasonable chance of escaping 
reversal. In an account of interesting experi- 
ments on the gastrointestinal tract it was pointed 
out that the effect of a drug varies greatly with 
the patient’s mood and that the effect may be 
significantly altered with a change in the mood. 
The discussion indicated how such factors might 
change results in the evaluation of a therapeutic 
agent. Special attention was directed to the use 
of the placebo, the double-blind test, statistical 
analysis of the data and experimental design to 
eliminate bias. Emphasis was placed upon the 
unconscious aspects of bias of the physician, a 
subtle mechanism which contrary to his best 
intentions may give rise to misleading results. 
It was a noteworthy feature of the various discus- 
sions that the control of this factor by the double- 
blind test is now recognized as imperative for 
the valid evaluation of medicinal agents, not 
only with respect to the study of subjective 
symptoms such as cardiac pain but also in studies 
involving so-called objective measurements such 
as iron in anemia, diuretic agents and anti- 
coagulants in thrombotic diseases. The con- 
ventional design of the treated and untreated 
groups in a clinical evaluation of a medicinal 
agent is giving way to the plan which calls for 
treating all patients, where possible, with the 
agent in question or with a placebo, the two 
being indistinguishable in physical form or ap- 
pearance and their identity unknown to patient 
or investigator during the experiment. 
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HE patient, M. M. (No. 224798), was a 

sixty-six year old white housewife, who 

entered the Barnes Hospital for the first 
time on July 4, 1953, complaining of shortness 
of breath and difficulty in swallowing of approxi- 
mately eighteen months’ duration. The family 
history disclosed that one brother had died from 
carcinoma of the rectum and one sister from 
carcinoma of the uterus. The patient had been 
in good general health until shortly after the 
birth of her second child, when, at the age of 
thirty-seven, she became aware of an enlarge- 
ment of her neck. Shortly thereafter she began 
to experience episodes of shortness of breath on 
exertion, asthmatic wheezing, and on occasion 
required three pillows in order to sleep. At about 
this time bowing of her upper spine began to 
develop, which progressed very slowly, producing 
a noticeably stooped appearance. 

The respiratory symptoms remained as de- 
scribed until eighteen months before entry, 
at which time she had marked increase in 
dyspnea and orthopnea. She noticed that all her 
fingers swelled and that the veins over her 
anterior chest became prominent. Over the 
next twelve months she manifested definite heat 
intolerance, periods of great anxiety, gradual 
loss of appetite and a weight loss of sixty pounds. 
She became chronically hoarse and had a con- 
stant cough productive of small amounts of 
blood-streaked sputum. Difficulty in swallowing 
was noted at about this time and progressed 
rapidly until all her food intake was in liquid 
form. Two months prior to admission she 
suffered severe left anterior chest pain and was 
hospitalized elsewhere for eighteen days; how- 
ever, she was ambulatory during most of this 
period. The results of the examination during 
this hospitalization were not known, but she was 
discharged from the hospital on a regimen con- 
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sisting of a low salt diet and one tablet of 
digitalis leaf daily. Shortly thereafter her 
dysphagia increased; three weeks prior to ad- 
mission she was frightened by lightning, 
screamed and thereafter was unable to speak 
audibly. She became bedridden, and demon- 
strated rapid increase in all her symptoms until 
she was brought to the Barnes Hospital. 
Physical examination at the time of ad- 
mission revealed the patient’s temperature to be 
37.8°c., pulse 120, grossly irregular but without 
deficit, respirations 36 and blood pressure 
125/80 in both arms. She was extremely de- 
bilitated and unable to speak above a whisper. 
She was orthopneic and coughed frequently, 
bringing up small amounts of blood-flecked 
sputum. The skin hung loosely, lacking turgor, 
but was otherwise not remarkable. There was 
marked kyphoscoliosis of the dorsal spine. The 
left pupil was larger than the right; there was 
slight bilateral lid lag and convergence was 
poor. The fundi were not remarkable. There 
was no lymph node enlargement, but the thy- 
roid isthmus was twice the normal size, and 
beneath the left sternomastoid muscle was a 
firm, rubbery, ill defined mass. The neck veins 
were markedly distended but did not pulsate. 
The anteroposterior diameter of the chest was 
increased. There was dullness to percussion and 
breath sounds were decreased over the left lower 
lobe posteriorly. Mediastinal dullness was in- 
creased bilaterally in the second interspace. The 
cardiac impulse was diffuse, extending 10 cm. 
from the mid-sternal line in the fifth intercostal 
space. A grade m1 apical systolic murmur was 
heard but was not transmitted. No masses were 
felt in the abdomen but there was moderate 
tenderness in the right upper quadrant. A 
massive rectocele was present. There was two 
plus ankle edema but no clubbing. Neurologic 
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examination was within normal limits except 
for a marked fine tremor of both hands and 
hyperactive reflexes. 

The laboratory data were as follows: red 
blood cells, 4,900,000; hemoglobin, 13.1 gm. 
per cent; white blood cells, 26,750; differential: 
segmented neutrophils, 78 per cent; stab forms, 
9 per cent; eosinophils, 1 per cent; lymphocytes, 
11 per cent. There was toxic granulation of the 
neutrophils; the red blood cells were slightly 
hypochromic. Bone marrow; within normal 
limits. Urinalysis: specific gravity, 1.025; pH, 
4.5; albumin, trace; sugar, negative; centrifuged 
sediment, rare white blood cell. Stool: guaiac 
negative. Blood chemistry: non-protein nitrogen, 
21 mg. per cent; sugar, 112 mg. per cent; 
sodium, 141 mEq./L.; chloride, 88 mEq./L.; 
carbon dioxide combining power, 29 mEq./L.; 
alkaline phosphatase, 4.2 Bodansky units. 
Venous pressure, 146 nm. saline, each arm. 
Roentgenogram of the chest; marked dorsal 
kyphosis with hypertrophic osteoarthritis and 
marked demineralization of bones: cardiac en- 
largement; elevated left leaf of diaphragm; 
trachea deviated to the left, apparently due to 
pressure from a 6 by 8 cm. soft tissue density 
containing patchy calcification, lying just to the 
right of the trachea, consistent with aneurysm 
of innominate artery, or with thyroid adenoma; 
in the mid-lung field on the left was a soft tissue 
density interpreted as an interlobar effusion. 
Electrocardiogram: rapid auricular fibrillation 
with frequent ventricular premature contrac- 
tions; digitalis effect. 

On admission the patient was given digitalis 
in the same dose as she had been taking at 
home, fed a liquid diet which was salt-poor and 
placed on bedrest. Uptake of a tracer dose of 
I-131 was 62 per cent. The chest was scanned 
with a scintillation counter and no localized 
area of uptake was found. The protein-bound 
iodine of the serum was 8.5 yg. per cent. On the 
fifth hospital day bronchoscopy was performed; 
the left vocal cord was found to be paralyzed 
and the upper trachea narrowed by external 
compression. The left main stem bronchus had a 
markedly granular mucosa; biopsy of this area 
was interpreted as showing hyperchromatic 
cells. Cultures and guinea pig inoculation for 
acid-fast bacilli were negative. 

On the sixth hospital day the patient began to 
receive tapazole® in daily doses of 20 mg.; there 
was little change in her condition for the next 
two weeks, and on the fourteenth day she was 
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given a therapeutic dose of I-131. Her white 
blood cell count continued to range between 
25,000 and 30,000, her sputum contained many 
coliform organisms and she was treated in- 
tensively with parenteral penicillin and strepto- 
mycin. Chest roentgenograms on the seven- 
teenth hospital day showed an_ infiltrative 
process in the right lower lobe; a left thoracen- 
tesis on that same day yielded 30 ml. of sero- 
sanguineous fluid which had the following char- 
acteristics: specific gravity, 1.018; protein, 2.8 
gm. per cent; microscopic examination: total cell 
count, 265,000; cell count with acid, 191,000; 
differential: segmented forms, 70 per cent. Cul- 
ture and cytologic studies of this fluid were 
negative. On her thirty-fourth hospital day the 
patient was given 35 mc. of I-131. The following 
morning she was markedly dyspneic; her pulse 
had risen to 190, the entire left hemithorax was 
dull to percussion, and breath sounds were 
absent in that area. A chest roentgenogram dis- 
closed opacification of the entire left chest and a 
large effusion at the right base. Thoracentesis 
on the right yielded 400 ml. of turbid fluid with a 
protein concentration of 4.2 gm. per cent; cul- 
ture of this fluid revealed Friedlander’s bacillus. 

Despite intravenous digitalization and con- 
tinuous oxygen therapy acute pulmonary edema 
suddenly developed and she died on August 7, 
1953. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This patient pre- 
sented an unusually interesting diagnostic 
problem. After the birth of her second child, at 
the age of thirty-seven, a mass in her neck de- 
veloped which gave her pressure symptoms, par- 
ticularly some difficulty in breathing, inter- 
mittently for some thirty years. Six months 
before she was admitted these pressure symp- 
toms increased and physical signs developed in 
the lungs and heart. Since most of the physical 
signs were within the thorax, we ought first to 
look at the x-rays. Dr. Seaman, will you open 
the discussion? 

Dr. WiiiiaM B. SEAMAN: The initial exami- 
nation of the chest was made on July 5, 1953. 
(Fig. 1.) It demonstrated several abnormalities, 
perhaps the most striking being the presence of a 
large mass in the superior mediastinum. The 
trachea was displaced to the left by this mass, 
which contained flecks of calcium. The mass was 
interpreted as probably a calcified substernal 
goiter or an aneurysm _of the innominate artery. 
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Fic. 1. Postero-anterior chest x-ray taken on admis- 
sion. The displaced trachea is outlined in black ink. 


Roentgenographically, they cannot be dis- 
tinguished. The cardiac shadow was somewhat 
enlarged, although the left border was obscured 
by an elevated diaphragm which did not move 
on fluoroscopic examination. In addition, there 
was a mass in the left mid-lung field which was 
seen in the lateral film to overlie the cardiac 
shadow and to have a biconvex appearance. 
Usually biconvex shadows in this region are 
characteristic of loculated or interlobar effusions, 
and this was interpreted as such. On the same 
day films of the lumbar spine, pelvis and skull 
showed no bony abnormalities. The next chest 
film, two weeks later, showed a small, ill defined 
area of density in the right upper lobe, which 
was thought to be inflammatory in nature. One 
week later the heart appeared somewhat larger, 
and there was a little fluid in the left costo- 
phrenic angle. In addition to the infiltration in 
the right upper lobe there was a new, small, 
rounded area in the right lower lobe, which was 
interpreted as possibly representing metastatic 
involvement of the lung. The left humerus 
showed an irregular area of radiolucency which 
might have been due to metastasis. The last 
film, taken on the day of death, disclosed a 
moderate pleural effusion on the right, a smaller 
one on the left and an opaque left upper lobe on 
postero-anterior projection. However, on the 
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lateral film the lower lobe appeared well 
aerated, even emphysematous, so that the 
opacification of the upper lobe might have been 
due to atelectasis. 

In retrospect, one might interpret the changes 
in the left lung field as deriving from primary 
disease of the lingula, possibly a tumor, leading 
to a combination of atelectasis and infected 
secretions, extending into the remainder of the 
upper lobe, and finally producing atelectasis 
of the entire left upper lobe. 

Dr. ALEXANDER: We should properly consider 
next what happened to this woman at age 
thirty-seven. Dr. Daughaday, would you tell us 
what sequence of events occurred in her thyroid 
gland at that time? 

Dr. Wittiam H. DauGHapay: This patient 
probably developed a non-toxic diffuse goiter 
during her pregnancy; this is a very common 
occurrence, the cause of which is not known. 
She may have been suffering from iodine lack 
before she became pregnant and noticed the 
goiter only after the birth of her child. The sur- 
prising aspect of this history is the development 
of exertional dyspnea, asthmatic wheezing and 
severe orthopnea at this time. It is very un- 
likely that all these symptoms were due to ob- 
struction from a goiter; they are not symptoms 
of early tracheal compression. In my experience, 
such symptoms are invariably associated with a 
very large, easily visible goiter; a small goiter 
located in the neck of a young person does not 
produce tracheal compression, although the 
patient may have a sensation of weight in the 
neck when lying down at night. Since the symp- 
toms presented by this patient do not impress me 
as being due to goitrous compression of the 
trachea, she probably had some independent 
pulmonary disease to explain her wheezing 
dyspnea. Subsequently, as the tissues of the 
neck were stretching themselves to accommo- 
date it, there was a “slipping” of the goiter 
down the natural fascial planes of the neck, so 
that part of the enlarged gland came to lie in 
the superior mediastinum. In the early part of 
1952 a rather abrupt change occurred which 
seems related to her final illness. The symptoms 
suggest that thyrotoxicosis developed, and the 
laboratory data are compatible with this 
diagnosis. 

In view of the mild thyrotoxicosis, the large 
gland and the pressure symptoms—paralysis of 
one vocal cord, partial Horner’s syndrome, and 
perhaps invasion of the lung—one is tempted 
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to explain the entire illness on the basis of 
thyroid carcinoma, but there are other diseases 
which should be considered. 

Dr. Epwarp H. Reinnarp: One can get 
pressure symptoms and nerve involvement from 
a benign nodular goiter, particularly when it 
encroaches upon the thoracic inlet. The fact 
that this patient had thyrotoxicosis at the same 
time she may have had cancer of the thyroid 
puts her in a rather unusual group. Most pa- 
tients who have cancer of the thyroid have a 
relatively low uptake of radioiodine. There is a 
distinct possibility that this patient had a benign 
goiter with hyperthyroidism, and that the pul- 
monary signs may have been related to an 
independent pulmonary disease. 

Dr. W. Barry Woop, Jr.: Would a nodular 
goiter that is benign react to the radioiodine 
therspy in the manner displayed in this case, 
leading to sudden obstruction to the left upper 
lobe of the lung? 

Dr. Daucuapay: With respect to the reaction 
to therapy, there is no fundamental difference 
between thyroid malignancy that takes up 
radioiodine and hyperfunctioning goiter. We 
have had some difficulty occasionally with both, 
but we have had surprisingly little trouble with 
pressure symptoms, even in feeble elderly ladies 
whose large goiters were wedged in their tho- 
racic inlets. Inonly one patient have we seen 
acute thyroid edema, necrosis and pressure 
symptoms necessitating tracheotomy. 

Dr. ALEXANDER: What kind of a goiter did 
this patient have at age thirty-seven? 

Dr. DaucHapay: Goiters of this type often 
begin as simple hyperplastic glands, but after 
the period of growth subsides they become dis- 
tended with colloid. Certain areas undergo 
hyperplasia while other areas become atrophic, 
which is the best-accepted explanation for the 
origin of adult nodular goiters. Once a nodular 
goiter has developed, it is subject to two compli- 
cations, namely, malignant change and toxic 
hyperplasia. This woman certainly had an un- 
derlying nodular goiter. The question is whether 
her gland underwent both complications. 

Dr. ALEXANDER: Does the bowing of the 
thorax, which apparently began at the same 
time as her goiter, throw any light on the course 
of her thyroid disease? 

Dr. DauGHapay: Osteoporosis as a mani- 
festation of hyperthyroidism is not a disease of 
young persons. It is usually seen in patients with 
long-standing thyrotoxicosis, most often in 
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women the menopause. I cannot explain 
why kyphosis developed in this patient at such an 
early age. 

Dr. EpwarpD Massie: Could she not have had 
asthma at that time, which accounted for the 
development of the emphysema and kyphosis? 
The goiter would then have been incidental 
and not pressed on the trachea so many years 
before her final troubles began. 

Dr. I. JERoME FLANcE: How accurate is the 
radioactive iodine uptake in the diagnosis of 
hyperthyroidism? 

Dr. Daucuapay: In this part of the world a 
high uptake of radioiodine is almost always 
diagnostic of thyrotoxicosis. When the per- 
centage uptake of the tracer dose exceeds 65 
per cent, the disease is probably present. The 
converse is not true. We see a number of pa- 
tients with nodular goiters and mild hyper- 
thyroidism who have normal uptakes of the 
tracer dose. In areas such as Argentina, where 
the soil is very low in iodine, high uptakes are 
the rule. There are cases of familial cretinism 
and of large goiters in which high uptakes are 
found; it seems likely that at some stage in the 
development of a non-toxic diffuse goiter 
iodine deficiency occurs; and if one were to give 
such a patient a tracer dose just at that time, a 
moderately elevated uptake might result. 

Dr. Davip T. GRAHAM: Even if this patient 
had osteoporosis, it is hard to understand how 
kyphosis could have developed without x-ray 
evidence of collapsed vertebrae. 

Dr. ALEXANDER: Kyphosis may occur without 
collapse of the vertebrae; the first change is a 
thinning of the intervertebral discs; emphysema 
alone produces an increase in the anteroposterior 
diameter of the chest, but not kyphosis. 

Dr. DaucHapay: One of the puzzling features 
of this case is that the clinicians felt the mass in 
the neck on the left, whereas the x-rays showed 
it to be on the right. Perhaps she had bilateral 
enlargement, but the right lobe continued to 
grow and to descend more than the left. 

Dr. SEAMAN: Isn’t it a little inconsistent that 
the large mass was on the right, but it was her 
left recurrent nerve and her left phrenic nerve 
that were compressed? Usually these nerves 
tend to be invaded or compressed by the very 
large masses. The discrepancy here makes me 
raise the diagnosis of primary carcinoma of the 
lung. 

Dr. ALFRED GOLDMAN: The same diagnosis 
suggested itself to me, particularly in the 
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presence of mediastinal masses and atelectasis 
of the left upper lobe. The bronchoscopic 
biopsy mentioned hyperchromatic cells, which 
may be significant. The pleural fluid was com- 
patible with pulmonary malignancy, even 
though cytologic study on one occasion was 
negative. 

Dr. ALEXANDER: It may be of interest to 
know how frequently carcinoma of the thyroid 
invades the lung. I have looked up a number of 
published series of cases, and find that the lungs 
were involved in about half of them. I do not 
know whether carcinoma of the lung ever 
invades the thyroid. 

Dr. SEAMAN: In addition to the nerve in- 
volvement, a finding which again suggested 
primary bronchogenic carcinoma was the mass 
in the left mid-lung field, which was originally 
interpreted as interlobar effusion. We have seen 
several cases in which carcinoma of the lingula 
associated with atelectasis and secretions gave a 
similar appearance. 

Dr. ALEXANDER: Dr. Massie, what is your 
opinion about her cardiac disease? 

Dr. Massie: The heart disease here was 
secondary, probably arteriosclerotic in type. 
The apical systolic murmur may have been due 
to a dilated mitral ring. To further embarrass 
her circulation, she had hyperthyroidism as well 
as severe pulmonary disease. In patients who 
have rapid auricular fibrillation and slowed 
pulmonary circulation, it is usual to find multiple 
pulmonary emboli at autopsy and these may 
often be the immediate cause of death. 

Dr. ALEXANDER: Can the auricular fibril- 
lation associated with thyrotoxicosis be treated 
without treating the thyroid disease? 

Dr. Massie: Not definitively, of course, but it 
is remarkable sometimes how well these patients 
respond to rapid intravenous digitalization plus 
the use of quinidine. It is usually possible to slow 
the fibrillation, in any case. 

Dr. Woon: It is perhaps worth while making 
a comment on the culture of Friedlander’s 
organism from the pleural fluid. This is not a 
common laboratory finding, and we must con- 
sider that the patient may have had terminal 
Friedlander’s bacillus pneumonia with invasion 
of the right pleural cavity. 

Dr. ALEXANDER: The discussion of this case 
has clearly indicated that the two principal 
diagnostic possibilities are carcinoma of the thy- 
roid in a toxic nodular goiter and primary 
carcinoma of the lung with associated hyper- 


thyroidism. The consensus of the staff seems 
evenly divided; my own diagnosis is primary 
carcinoma of the thyroid. 


PATHOLOGIC DISCUSSION 


Dr. C. FLetcuer: The thyroid gland 
was replaced by a large nodular goiter that 
weighed 300 gm. This goiter (Fig. 2) almost 
completely encircled the trachea and esophagus 
and in its mid-portion on the right side it con- 
tained a paler, round, encapsulated nodule 
which measured 6 cm. at its greatest diameter. 
The thyroid was continuous with a large multi- 
nodular substernal goiter which encroached 
upon the aorta, superior vena cava and the 
right pleura without invading those structures, 
although the trachea was compressed in its 
sagittal plane with several acute angulations. 
On dissection of the thyroid, several small firm 
lymph nodes, firmly bound to the thyroid, were 
present to the left of the midline opposite the 
lower portion of the right lobe. On cut section 
they contained foci of very firm, grayish white 
tissue. 

Each pleural cavity contained 500 ml. of 
serosanguineous fluid. The fluid in the right 
cavity was thicker and more cloudy than that 
in the left. Very dense fibrous adhesions were 
present at the base of the left lung and there 
were fibrinopurulent lesions over the lower lobe 
of the right lung. A 6 cm. necrotic gray mass was 
present in the left interlobar fissure; on cut sec- 
tion this arose from a secondary branch of a 
bronchus to the lower lobe of the left lung. As is 
shown in Figure 3 the tissue was soft and 
granular. It engulfed the bronchus and ex- 
tended into the upper as well as the lower lobe 
of the lung. Many other small nodules of 
similar gray tissue were present in the tracheo- 
bronchial and cervical peritracheal lymph 
nodes, the pericardium, kidneys and in several 
sites in the myocardium. There was broncho- 
pneumonia in the upper and lower lobes of the 
right lung; a ruptured thin-walled abscess 
cavity 3 cm. in diameter was present within the 
area of pneumonia in the periphery of the right 
lower lobe. Other findings included a small or- 
ganized thrombus in the right auricular ap- 
pendage and multiple partially occlusive mural 
thrombi in the pulmonary arteries. There was 
also a wedge-shaped infarct 3 cm. in length in 
the upper lobe of the right lung. 

Dr. Davin E. Situ: Dr. Fletcher has de- 


scribed masses in the thyroid and the left lung 
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Fic. 2. The posterior aspect of the thyroid and trachea showing compression 
of the trachea by the mass of the goiter. The lower nodule was scarred and gray. 
The scalloped upper nodule was mahogany-colored and represented an embryonal 


adenoma of the thyroid. 


Fic. 3. The hilum of the left lung showing granular necrotic carcinoma destroying 
a secondary branch of the bronchus to the lower lobe. 


which obviously contained neoplastic tissue. 
The contrast between these two tissues is not so 
vividly seen in the photograph as it was when 
the tissues were fresh, but the large scalloped le- 
sion in the thyroid was very strikingly different 
from the gray granular lesion in the lower lobe 
of the left lung. Figure 4 shows a microscopic sec- 
tion of the scalloped mahogany-colored central 
lobule in the right lobe of the thyroid. It had a 
trabeculated pattern typical of an embryonal 
follicular adenoma of the thyroid. The mass was 
well encapsulated and showed no evidence of 
invasion of its capsule or the surrounding com- 
pressed and atrophied thyroid. The small 
nodules which were described grossly in the 
lymph nodes to the left of the trachea at this 
level were all related to the tissue in the lungs 
rather than that in the thyroid. 

The problem of hyperthyroidism in this case 
is interesting and can hardly be ascribed to the 
adenoma. Adenomas of this type are very rarely 
hyperfunctional by any criteria. Increased ab- 
sorption of radioactive iodine is said to occur in 
only about 10 per cent of cases of embryonal 
adenomas, or in less than 1 per cent of the total 
number of adenomas of the thyroid. A radio- 
autograph was made of a section taken through 
the edge of the adenoma and the degenerated 
goitrous nodule below it. The photographic 


plate was burned very severely in the regions 
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under the tissue of the colloid goiter and not at 
all in the region of the adenoma. This is good 
evidence that the adenoma was not responsible 
for the abnormally high uptake of iodine. As is 
often the case, search of the remainder of the 
thyroid tissue for morphologic evidence of 
hyperplasia to correlate with the clinical evi- 
dence of hyperthyroidism was somewhat dis- 
appointing. There were areas of thickened 
epithelium of the dilated acini in some of the 
better preserved portions of the thyroid. (Fig. 5.) 
The large mass below the adenoma, as well as 
many other portions of the goiter, was largely 
fibrous tissue, containing areas of degeneration 
typical of a nodular goiter. Areas of slight hyper- 
plasia within various regions of a nodular goiter 
are not specific anatomic evidence of clinical 
hyperthyroidism by any means. They are more a 
reflection of the pathogenesis of these lesions, as 
Dr. Daughaday explained; namely, an asyn- 
chronous growth of different parts of the thyroid 
under varying stimulation. The total mass of 
this thyroid may have had more to do with the 
amount of radioiodine taken up than did any dis- 
tinctly hyperplastic character of the epithelium. 

Sections of the mass in the bronchus of the 
lower lobe of the left lung, such as Figure 6, 
showed the irregular architecture typical of any 
epidermoid carcinoma. Similar tissue was also 
present in the various lymph nodes, kidneys and 
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Fic. 4. A section of the mahogany nodule in the lower portion of the right side of the thyroid showing the 
trabeculated pattern of an embryonal adenoma with no signs of invasion of the capsule. 


Fic. 5. A section of the better preserved portion of the thyroid showing slight thickening of the epithelium lining 
a few acini. These were the most suggestive changes of epithelial hyperplasia seen in sections of an otherwise 
typical adenomatosis goiter with many foci of degeneration. 


Fic. 6. A section of the bronchus to the lower lobe of the left lung showing masses of epidermoid carcinoma. 


Fic. 7. A section of the wall of the abscess in the lower lobe of the right lung showing that it was principally 
an area of necrosis within bronchopneumonia with relatively little organization or fibrous response. 


myocardium. The heart itself was minimally 
enlarged. It weighed 300 gm. with attached 
aorta, which is within the upper limits of normal 
for a woman, even though this patient was 
emaciated. The coronary arteries contained 
only a few arteriosclerotic plaques. There was, 
therefore, no evidence of any degenerative 
vascular disease or hypertension that might have 
been responsible for the cardiovascular symp- 
toms and signs. The multiple metastases to the 
myocardium and the pulmonary disease offered 
a better correlation with the evidence of heart 
disease suggested in the clinical discussion. 
The last illustration (Fig. 7) is a slide from the 
wall of the abscess in the periphery of the lower 
lobe of the right lung. This lesion was situated 
posteriorly behind the diaphragm in a position 
that would have been difficult to demonstrate 
radiographically. It was a cavity lined by a 


necrotic membrane, not the usual dense granu- 
lation tissue of a well established lung abscess, 
but rather necrosis within an area of pneu- 
monia. This cavity was in communication with 
the pleura and was undoubtedly the source of 
the right empyema. 

In summary, this was the case of a woman 
with a large nodular goiter that had sunken 
into a substernal position, or may have partially 
arisen there, and in which at some time an 
independent embryonal follicular adenoma 
developed. These lesions seem to be unrelated 
to the most dramatic symptoms of her last 
admission, although compression of the trachea 
had undoubtedly been present for a consider- 
able period. The bronchogenic carcinoma in- 
volving the left hilum and invading the sur- 
rounding structures was responsible for the 


symptoms of dysphonia, dysphagia and accen- 
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tuated dyspnea that occurred within the last 
eight months. Terminally, bronchopneumonia 
and evidences of cardiac arrythmia developed, 
the causes of which may have been contributed 
to by the pneumonia, the thrombi in the pul- 
monary arteries or the carcinomatous metastases 
to the myocardium. Late in her course there was 
a rupture of an abscess within the broncho- 
pneumonia in the lower lobe of the right lung 
and the establishment of an acute empyema. 
The shadow in the right lung seen on the second 
roentgenogram probably represented the infarct 
in the lower lobe of the upper lung. 

Dr. DaucHapay: The anatomic interpre- 
tation of thyroid tissue with respect to the 


amount of thyroid hormone it is producing is ~ 


very difficult and often correlates poorly with 
hormonal studies, particularly in patients with 
moderate hyperthyroidism. We know hyper- 
thyroidism can recur when there are only about 
5 or 10 gm. of thyroid tissue. In a large goiter 
such as this patient’s it is quite possible there 
were 50 or 100 gm. of functioning tissue pro- 
ducing 25 to 50 per cent more hormone than 
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normal without showing the cellular hyper- 
plasia usually associated with advanced degrees 
of hyperthyroidism. The protein-bound iodine 
value was also within the upper limits of normal 
because moderate hyperthyroidism can appar- 
ently be produced by only a moderate increase 
of thyroid hormonal production. 

Final Anatomic Diagnoses: Bronchogenic epi- 
dermoid carcinoma of the lower lobe of the left 
lung with metastases in the peritracheal lymph 
nodes, myocardium, pleura, kidneys and peri- 
cardium; adenomatous goiter with substernal 
extension; embryonal follicular adenoma in the 
right lobe of the thyroid with compression of the 
trachea and esophagus; bronchopneumonia in 
the right lung with acute abscess in the lower 
lobe and rupture into the right pleural cavity; 
multiple mural and partially occlusive thrombi 
in small branches of the pulmonary arteries; 
partially organized infarct in the upper lobe of 
the right lung. 


Acknowledgment: Illustrations were made by 
the Department of Illustrations, Washington 
University School of Medicine. 


= 


Case Reports 


Necrotizing Angiitis Asssociated with Chronic 
Ulcerative Colitis” 


FRED WASSERMAN, M.D., ARTHUR KROSNICK, M.D. and HENRY TUMEN, M.D. 
Philadelphia, Pennsylvania 


HRONIC non-specific ulcerative colitis is a 
disease of uncertain etiology and patho- 
genesis. The causes of the so-called 
necrotizing angiitides also are unknown. The 
coexistence of these two entities in the same pa- 
tient is very unusual and is of interest because 
it may shed some light on our understanding of 
the two disease states. We wish to report on a 
patient in whom the clinical, laboratory, 
pathologic and radiologic findings confirm the 
presence of allergic granulomatous angiitis that 
developed during the course of non-specific 
ulcerative colitis of the chronic, continuous type 
and to discuss the possible relation between these 

disorders. 

CASE REPORT 


H. B., a twenty-one year old white male, was 
first admitted to the Graduate Hospital on 
September 30, 1952 because of a generalized 
convulsion which had occurred approximately 
twenty-four hours previously. The following 
details of a protracted illness were subsequently 
uncovered. 

The family history disclosed only that the 
father had asthma. In regard to previous illness, 
the patient had the usual childhood diseases 
without sequelae. At the age of nine he had 
scarlet fever. There was no history of operation or 
injury. 

In April, 1943, at the age of ten, this patient 
was first studied at another institution because 
of diarrhea and intermittent colicky abdominal 
pain of about six months’ duration. For two 
days prior to that admission he had had profuse 
diarrhea and had passed several stools which 
contained gross blood. Examination of the stool 
disclosed cysts of Entamoeba histolytica. He was 
treated with emetine, carbarsone,® chiniofon 


and sulfasuxidine.” Although he received several 
courses of sulfonamides and his stools became 
free of E. histolytica cysts, the diarrhea per- 
sisted. He was studied with repeated endoscopic 
examinations and barium enemas over an 
interval of three months. Gradually he devel- 
oped the clinical picture of chronic ulcerative 
colitis, and he was finally discharged with this 
diagnosis. He has continued having between 
five and eight diarrheal stools per day from 1943 
to the present writing. Excessive mucus and 
flecks of red blood are frequently noted and 
cramping pain has been common. Multiple 
blood transfusions have been necessary during 
repeated hospitalizations. 

Except for colonic symptoms and an insidious 
but progressive weight loss, the patient ap- 
parently did fairly well after his discharge in 
1943 for he remained out of a hospital from 1943 
to 1949. In December, 1949, at the age of sixteen 
he was again studied at another hospital be- 
cause of a chronic cough and wheezing. He was 
said to have improved on aureomycin therapy. 
Because he complained of muscle pain and 
paresthesias of the left arm and hand of ap- 
proximately four days duration, a gastrocnemius 
muscle biopsy was performed. The microscopic 


section showed ‘‘numerous inflammatory cells 


scattered through the muscle and fascial planes 
and surrounding veins and thick-walled arte- 
rioles. The arterioles showed marked prolifera- 
tion of the intima. In the adventitia, inflamma- 
tory cells are numerous.” The diagnosis was 
“subacute allergic arteriolitis.”” (Fig. 1.) 

One month later hospitalization again be- 
came necessary because of paresthesias of the 
feet. At this time skin testing, as part of an 
allergic evaluation, disclosed marked sensitivity 


*From the Departments of Gastroenterology and morse — Hospital of the University of Pennsylvania, 
Philadelp a. 
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Fic. 1. December, 1949. Biopsy of gastrocnemius muscle. Note the numerous in- 


flammatory cells scattered through the muscle and fascial planes and surrounding 
the vessels. The walls of the artery are thickened and contain inflammatory cells. 


(Photomicrography courtesy of Dr. Henry Brody.) 


to numerous inhalants and foods and desensitiza- 
tion was begun. Chest x-ray revealed para- 
tracheal and hilar lymph node enlargement. 
Biopsy of an enlarged axillary node showed 
“hyperplastic germinal centers, lymphocytic 
infiltration and thickened arteriolar walls.” A 
barium enema now disclosed involvement of the 
entire colon by ulcerative colitis and interval 
examinations up to the time of writing have 
verified the changes of far advanced ulcerative 
colitis from the rectum to and including the 
cecum. (Fig. 2A and B.) Repeated upper gastro- 
intestinal roentgenograms have never disclosed 
any involvement of the distal ileum and all 
small bowel examinations have been essentially 
negative. 

In May, 1950, the patient was again read- 
mitted to another hospital because of an 
exacerbation of asthma. Adrenalin,® benadryl,® 
aminophyllin, oxygen, terramycin® and aureo- 
mycin are said to have terminated the attack 
after three weeks and he was discharged. 

The following month he was rehospitalized for 
asthma, a flare-up of his colitis and a skin 
eruption. Finally in September, 1950, after a 
three-month hospital stay he was discharged. 

The final admission to other institutions came 
in December, 1950, precipitated by transient 
loss of vision and headaches. While in the hospi- 
tal deep ulcerations over the dorsum of both feet 


NOVEMBER, 1954 


and both ankles developed. It was during this 
hospitalization that he was first started on 
cortisone, and he has continued to take this 
intermittently, alternating with ACTH, up to 
the present time. 

In November, 1951, he had a solitary episode 
of tinnitus, objective vertigo, nausea and vomit- 
ing which disappeared spontaneously after 
three days. 

The patient was first admitted to the Graduate 
Hospital in September, 1952, because of a gen- 
eralized convulsion. By this time he was twenty 
years of age. Except for scattered expiratory 
wheezes throughout both lungs and discrete, 
circumscribed chronic ulcerations over the 
dorsum of the feet and ankles, a complete 
physical examination was unremarkable. Blood 
pressure was 120/70. A detailed neurologic 
examination failed to disclose any abnormality. 
The significant laboratory findings included 
albuminuria with an occasional leukocyte and 
red blood cell in two urine examinations; 35 per 
cent phenolsulfonphthalein excretion in the first 
fifteen minutes; sedimentation rate of 29 mm. 
(corrected) in one hour; a biologic false positive 
serologic reaction; 30 per cent bromsulphalein 
retention; 3 (plus) cephalin flocculation; 2 (plus) 
thymol flocculation and normal thymol turbidity. 
There was a hyperglobulinemia of 5.0 and 5.3 
with a total protein of 9.0 and 8.3 gm./100 cc. 
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Fic. 2A. Barium enema showing involvement of the 
entire colon by far advanced ulcerative colitis. 


respectively. Chamber eosinophil counts (Table 
1) were markedly increased prior to ACTH 
therapy, and a bone marrow examination re- 
vealed a marked eosinophilia; there were no 


TABLE I 

Date Before After 
ACTH ACTH 

September 1953 
Chamber eosinophil counts. .... . 5,000 68 
4,501 31 

November 1953 
Chamber eosinophil counts..... . 10,016 50 
18,600 16,600 
Neutrophils %................ 19 78 
Lymphocytes %............... 26 21 


L.E. cells present, an occasional “‘tart-cell’’ was 
seen. 

An electroencephalography was interpreted as 
“definitely abnormal record with a wide-spread 
disturbance in cerebral physiology.” Electro- 
cardiogram and lumbar puncture were normal. 


Fic. 2B. Cecum and ascending colon enlarged to show 
details of advanced ulcerative colitis. 


Because of the impaired liver function a needle 
biopsy of the liver was performed. The micro- 
scopic sections of this showed “lymphocytic 
infiltration of the portal area and small foci of 
cellular infiltration within the lobule. The Kupf- 
fer cells were slightly increased in number.” 
For lack of a more precise term this was classi- 
fied as “‘hepatitis.”” A gastrocnemius muscle 
biopsy revealed only a very “slight increase in 
interstitial cells represented by fibroblasts and 
the cells of the muscle fibers themselves. The 
arterial elements showed no sign of pathology.” 
The patient responded well to anticonvulsive 
therapy and ACTH and was discharged. 

We next saw the patient in December, 1952, 
because of a second grand mal seizure. Eosino- 
philia was again prominent. A lumbar puncture 
showed only increased pressure and this was 
verified by a second spinal puncture. Oph- 
thalmologic and neurologic examinations were 
unrevealing. Skull x-rays and a combined 
pneumo-ventriculogram were negative. A biopsy 
of one of the leg ulcers prior to the patient’s 
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Fic. 3. November, 1953. There is an increase in the pulmonary vascular markings throughout both lung fields. The 
hilar areas are prominent bilaterally. 


Fic. 4. January, 1954. Note extent of infiltration and progression as compared with Figure 3. 


discharge disclosed changes of “a non-specific 
indolent ulcer.”’ 

During the next six months (January through 
June, 1952) recurrent generalized convulsions 
necessitated several hospital admissions, and 
increasingly large doses of combined anticon- 
vulsive drugs were necessary to keep him free of 
seizures. He consistently complained of ab- 
dominal pain relieved by defecations, which 
averaged about six per day. The stools were 
watery and at times contained gross blood along 
with large amounts of mucus. He was sigmoido- 
scoped many times during this interval and the 
picture of classic, advanced chronic non-specific 
ulcerative colitis was substantiated. One exam- 
iner described the sigmoidoscopic findings as 
follows: 

‘The mucosa of the entire rectum is pitted and 
granular in appearance. Diffuse bleeding results 
from swabbing with cotton applicators and 
reveals multiple pin-point ulcerations. No 
polypoid hyperplastic changes are seen. The 
bowel wall is somewhat stiffened and the lumen 
is narrowed. These are the findings indicative 
of chronic idiopathic ulcerative colitis in a state 
of subacute activity. The scope was introduced 
only five inches to avoid unnecessary trauma.” 
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In July, 1953, an exacerbation of the ulcerative 
colitis resulted in readmission to the hosrital, 
and at this time his spleen was first discovered 
to be enlarged. Hepatomegaly was also present 
and persists. The patient was now thin and pale 
and appeared chronically ill. The hospital 
course was protracted but he slowly responded 
to diet, atropine, phenobarbital and _ intra- 
venously administered ACTH and was again 
discharged and followed as an outpatient. Fre- 
quent asthmatic attacks were treated with 
ACTH-Gel, and as a rule these improved. 
Eosinophilia (as high as 38,250/cu. mm.) pres- 
ent before each course of hormonal therapy fell 
to well within the normal range after ACTH was 
given, and he was almost symptom-free when- 
ever the chamber eosinophil counts were normal. 

In November, 1953, malaise, anorexia and 
weight loss resulted in still another hospitaliza- 
tion and at this time he was discovered to have a 
grade 111 mitral systolic heart murmur. He 
was afebrile. Significant laboratory studies 
revealed a red cell count of 3.3 million with 
9.7 gm. of hemoglobin; albuminuria, 2 to 3 
leukocytes with an occasional red cell and many 
hyaline casts; phenolsulfonphthalein excretion of 
20 per cent in the first fifteen minutes and a blood 
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Fic. 5A. January, 1954. In 


Necrotizing Angiitis and Chronic Ulcerative Colitis— Wasserman et al. 


tercostal pulmonary biopsy showing perivascular and 


interstitial infiltration with eosinophils. The vessel wall is also infiltrated. All of 


the infiltrating cells are eosinophils. 


Fic. 5B. January, 1954. Intercostal pulmonary biopsy enlarged to show details. 


urea nitrogen that ranged between 22 and 28 
mg./100 cc. Electrophoresis of the serum pro- 
teins showed ‘“‘a decreased albumin fraction and 
an elevated gamma globulin fraction.” Sedi- 
mentation rate and twenty-four-hour urinary 
ketosteroid excretion were within normal limits. 
An electrocardiogram was reported as being 
normal. The chest x-ray (Fig. 3) disclosed dif- 
fuse prominence of the pulmonary vasculature. 
Eosinophilia was pronounced. (Table 1.) The 
patient again improved symptomatically after 
ACTH and was discharged. 

A grand mal convulsive seizure necessitated 
another admission to the Graduate Hospital 
in December, 1953. Electroencephalography 


showed maximal dysfunction without a definite 
focus. X-rays of the chest now disclosed moder- 
ate increase in the pulmonary vascular markings 
throughout both lung fields. (Fig. 4.) An inter- 
costal pulmonary biopsy was done under local 
anesthesia. This revealed ‘a marked eosinophilic 
infiltration characterized by the presence of 
many well preserved eosinophilic leukocytes 
within the alveoli, intermingled with a certain 
number of enlarged monocytes or macrophages. 
In addition there were masses of eosinophils in 
the vicinity of both veins and arteries. Finally, 
some of the larger arteries showed distinct 
eosinophilic infiltration of their muscular coats 
unattended by necrosis or degeneration of the 
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muscle.” (Figs. 5A and B.) This was interpreted 
as “eosinophilic pneumonia” although perhaps 
‘eosinophilic infiltration of the lung” might be 
a better term. The patient again responded well 
to anticonvulsives and intravenously admin- 
istered ACTH and was discharged. 

He is now being followed as an outpatient; 
occasionally he complains of cramping lower 
abdominal pain, and frequent diarrheal stools 
flecked with red blood and containing excessive 
mucus continue as daily occurrences. A recent 
biopsy of the rectal mucosa on February 9, 1954, 
disclosed “‘active non-specific chronic ulcerative 
colitis; there is no arteritis and no eosinophilic 
infiltration.” 

Summary. This twenty-one year old white 
male initially presented the clinical picture of 
chronic idiopathic ulcerative colitis. Some time 
following this asthma, paresthesias of the 
hands and feet and generalized convulsions 
developed, and hepatomegaly, splenomegaly, a 
diffuse infiltration of the lungs, persistent eosino- 
philia, a heart murmur and progressive renal 
impairment have become apparent. A muscle 
biopsy seven years after the onset of chronic 
continuous idiopathic ulcerative colitis revealed 
“subacute allergic arteriolitis,’” and a lung 
biopsy now shows eosinophilic infiltration. 


COMMENTS 


Zeek and others®'’'* have attempted to 
classify inflammatory lesions of blood vessels 
according to pathologic and clinical criteria 
rather than to include them all under the name 
“‘periarteritis nodosa.’’ Using the generic term 
‘necrotizing angiitis,’’ Zeek subdivides this into 
five types: (1) Hypersensitivity angiitis, (2) 
allergic granulomatous angiitis, (3) rheumatic 
arteritis, (4) periarteritis nodosa and (5) tem- 
poral arteritis. Rheumatic arteritis, hyper- 
sensitivity angiitis and temporal arteritis need 
not be discussed here since they bear no relation 
to the problem presented by our patient. 

Both periarteritis nodosa and allergic granu- 
lomatous angiitis, however, are of interest in 
connection with this case. Clinically, periarteritis 
nodosa is a “‘multiple system disease” character- 
ized by fever, hypertension, arthralgia, weight 
loss and a variety of symptoms that result from 
involvement of the kidneys, gastrointestinal 
tract, lungs, peripheral and central nervous 
systems, heart and skin. It is characterized by 
remissions and exacerbations and is generally 
of short duration, although a protracted course 
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may occasionally occur. The gastrointestinal 
tract is often involved, the lesions being caused 
by either interference with the blood supply as a 
result of vascular occlusion (anemic infarcts) or 
hemorrhagic infarction secondary to vascular 
wall damage. '* One must note that many reports 
referring to the pathologic findings in peri- 
arteritis nodosa do not distinguish this entity 
from allergic granulomatous angiitis and some of 
the cases might better fit the latter syndrome. 

Wold and Baggenstoss'® reviewed thirty 
cases of periarteritis nodosa and described seg- 
mental vascular involvement showing medial 
necrosis and/or cellular infiltration, fibroblastic 
proliferation, intimal thickening, thrombosis, 
aneurysms and occlusion, depending on the 
stage of the disease. Vessels of all sizes were 
involved throughout the entire gastrointestinal 
tract, from stomach to rectosigmoid. Among 
sixty cases of mesenteric arterial occlusion 
studied by Johnson and Baggenstoss® three were 
due to periarteritis nodosa. Mucosal ulcerations, 
hemorrhage and secondary perforation and 
peritonitis were noted. One of the thirty patients 
described by Wold and Baggenstoss '* had hemor- 
rhagic ulcers and necrosis in the colon and 
rectosigmoid, while two of those of Johnson and 
Baggenstoss® presented ulcers of the small bowel. 
Knowles et al.* reported hemorrhage and/or 
ulcerations in the jejunum and colon in fifteen 
of thirty-five cases of periarteritis nodosa. Jerns- 
trom and Stasney‘ reported a fatal instance of 
periarteritis nodosa with ulceration of the 
stomach, ileum and colon found at necropsy. 
The rectum was not found to be ulcerated; the 
antemortem sigmoidoscopic appearance. how- 
ever, of “‘diffuse redness and granularity,” with 
blood tinged mucus was considered “‘suggestive 
of non-specific ulcerative colitis.’ Utilizing 
a telescopic device and a green filter, Felsen’ 
first described certain sigmoidoscopic findings in 
periarteritis nodosa. He noted “linear, dark 
red streaks’’ followed by a “‘bloodless hairline”’ 
without necrosis or inflammation of the mucosa, 
and he interpreted these to be thrombosed sub- 
mucosal arteries. The appearance of the mucosa 
through the sigmoidoscope, however, is gen- 
erally not diagnostic. 

A somewhat different clinical picture is 
presented by allergic granulomatous angiitis. It 
consists of asthma, blood eosinophilia, fever, 
Loeffler’s pneumonia, and vascular occlusions 
and their sequelae. Churg and Strauss! reviewed 
the clinical and pathologic features of fourteen 
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patients. They noted that “abdominal pain and 
diarrhea, often bloody,” were present in almost 
every case. In the gastrointestinal tract the 
pathologic findings consisted primarily of in- 
farction, hemorrhage and scar formation. The 
prognosis is somewhat better in this form of 
arteritis but heart failure is a frequent terminal 
mechanism. Our patient fulfills the clinical cri- 
teria of this entity since he has had asthma with 
bouts of fever and marked eosinophilia, Loeffler’s 
pneumonia, skin and central nervous system 
involvement. We believe, therefore, that he is 
suffering from allergic granulomatous angiitis. 

For approximately six years prior to the ap- 
pearance of those symptoms that can be ascribed 
to this vascular disorder, this patient had had 
symptoms of a serious colonic disease. These 
symptoms have continued to the present writing. 
The clinical course of this aspect of his illness 
and the x-ray and sigmoidoscopic examinations 
demonstrated the existence of chronic idiopathic 
ulcerative colitis. Nothing has been found in the 
prolonged study of this patient to distinguish his 
colonic disease from that of others in whom a 
diagnosis of chronic ulcerative colitis has been 
accepted. 

In seeking an explanation for the occurrence 
of necrotizing angiitis in a patient with ulcerative 
colitis, consideration must be given to the fol- 
lowing possibilities: (1) The same etiologic 
factor, as yet unknown, may result in the devel- 
opment of necrotizing angiitis and ulcerative 
colitis. (2) Necrotizing angiitis may be the 
original disease and may result in gastrointestinal 
lesions and a clinical picture which superficially 
resemble chronic ulcerative colitis. (3) Necrotiz- 
ing angiitis may be a result of attempts at 
therapy of chronic ulcerative colitis, particularly 
with sulfonamides, amebicides, etc. (4) The 
appearance of the two diseases in the same pa- 
tient may be entirely coincidental. 

Since so little is known concerning the etiology 
and pathogenesis of both chronic ulcerative 
colitis and necrotizing angiitis, it is impossible 
to state they may not have a common cause. It 
is believed by some that necrotizing angiitis is to 
be grouped with lupus erythematosus, rheu- 
matic fever, dermatomyositis, scleroderma, rheu- 
matoid arthritis and allergic purpura under the 
inclusive term “collagen disease.” Levine, 
Kirsner and Klotz,® basing their opinion on a 
special study of the connective tissue of colons of 
patients with ulcerative colitis, have suggested 
that ulcerative colitis may also be a disease of 


this category. Warren and Sommers, '*:!> noted 
that the lesions of the blood vessels in ulcerative 
colitis of their “vasculitis type’’ were similar to 
those seen in periarteritis nodosa. It is not 
unusual for patients with ulcerative colitis to 
have extracolonic manifestations of their disease 
—arthralgia, skin lesions such as pyoderma, 
gangrenosum and erythema nodosum—that 
are similar to those encountered in necrotizing 
angiitis.**'% A common background for both 
ulcerative colitis and necrotizing angiitis must, 
therefore, be conceded to be a possibility. 

Because this patient had had all the char- 
acteristic features of chronic ulcerative colitis 
for so long before any manifestations of angiitis 
appeared, it seems quite unlikely that angiitis 
could be considered to have produced the colonic 
disease. In addition, the involvement of the 
entire colon and the nature of the sigmoidoscopic 
changes seem much more suggestive of the 
existence of idiopathic ulcerative colitis than of 
the gastrointestinal changes which have been 
reported to occur in necrotizing angiitis. 

Lesions identical with those of periarteritis 
nodosa can be produced in animals by a num- 
ber of technics.’ Studies of the experimental 
production of arterial lesions and of the patho- 
logic correlation of similar lesions in man have 
emphasized the factor of hypersensitivity. ‘The 
necrotizing angiitides have been seen to develop 
after the administration of drugs, particularly 
the sulfonamides. More et al.'® studied post- 
mortem material in 375 patients who had taken 
sulfonamides and found lesions attributable to 
the drugs in twenty-two. Rich'!:'* implicated 
sulfonamides, serum and the general role of 
hypersensitivity in the etiology of necrotizing 
angiitis. Zeek'’:'® also believed these factors, 
particularly sulfonamides, to be important in 
Causing angiitis. Most patients with ulcerative 
colitis are given sulfonamides and a few are 
given amebicides at some time in the course of 
their disease. Few seem to develop an obvious 
form of arteritis. We believe, however, that in 
the patient whom we have described the devel- 
opment of a form of necrotizing angiitis, allergic 
granulomatous angiitis, may well have been a 
result of the therapy he had received for chronic 
ulcerative colitis. 


SUMMARY 


A patient who has both chronic ulcerative 
colitis and allergic granulomatous angiitis is 
reported. The possible relationship of these 
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diseases is discussed. It is suggested that treat- 
ment of ulcerative colitis with sulfonamides or 
amebicides may be of some etiologic significance 
in the subsequent development of necrotizing 
angiitis. 

Acknowledgment: We wish to thank Doctors 
Nathan Blumberg, Henry Brody, Antonio 
Valdes-Dapena and Harold Israel for permission 
to utilize material relative to this case report. 
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Normal Bone Marrow in 
Untreated Pernicious Anemia” 


BuRTON CoMINSKY, M.D.7 and CATHERINE I. HOLAVKO, A.B. 
New York, New York 


HE presence of a megaloblastic bone mar- 

row is so characteristic of untreated 

pernicious anemia'~* that failure to 
demonstrate it by marrow aspiration may cast 
substantial doubt on the diagnosis. Recently, 
four patients with untreated anemia have been 
encountered whose routine marrow examina- 
tions showed no megaloblasts but whose clinical 
findings and response to therapy established the 
diagnosis of pernicious anemia. This point has 
perhaps escaped general notice and should be 
emphasized, especially since the patients con- 
cerned may have nervous system disease de- 
manding early intensive therapy. 


CASE REPORTS 


Caser1. W. H. (No. 138853), a sixty year old 
retired industrial engineer, was admitted in 
May, 1953, complaining of ‘“‘electric shocks” in 
his arms and legs and increasing difficulty 
in walking of two years’ duration. He had been 
in good health until 1950 when he had bilateral 
calf thrombophlebitis and right epidydimitis. 
Since then he had experienced shooting sensa- 
tions, like ‘‘electric shocks,’’ down the anterior 
and lateral surfaces of both lower extremities, in 
the neck and down both arms. These “‘shocks”’ 
were increased in intensity by forward bending 
of the neck. Two years prior to admission he had 
had gradually increasing difficulty in walking, 
particularly in the dark. He had received no 
therapy. 

Physical examination revealed a well devel- 
oped, ruddy, white man with a wide-based, 
unsteady gait. The tongue was normal. Muscle 
strength was intact, with no atrophy or fascicula- 
tions. The Romberg sign was positive. No 
tremors were evident. Cranial nerves were 


intact. The pupils were slightly irregular but 
reacted promptly to light and accommodation. 
There was marked diminution of vibratory and 
position senses in all four extremities, with 
preservation of pain and temperature sense. 
The heel-to-knee and down-shin test was poorly 
performed bilaterally. There were no Hoffmann 
or Babinski reflexes. 

The hemoglobin was 14 gm.; red blood count 
3.2 M; hematocrit 50 per cent; white blood 
count 5,300; platelets 206,000. Sternal bone 
marrow aspiration showed a normal active 
marrow. No megaloblasts were seen. Gastric 
analysis revealed no free acid after histamine. 
Spinal fluid showed normal pressures, was clear, 
contained one white blood cell and a protein of 
60 mg. per cent. The colloidal gold and Wasser- 
mann tests were negative. 

The serum Mazzini test was +, with Kolmer 
and Treponema pallidum immobilization tests 
negative. The cephalin flocculation test was 
negative. Bromsulfalein retention after thirty 
minutes was 12 per cent. Skull x-rays were 
normal. Roentgenograms of the spine revealed 
moderate osteoarthritic changes in the cervical, 
dorsal and lumbar regions. A gastrointestinal 
series showed a shortened esophagus with a 
small hiatus hernia. 

On June 4, 1953, the patient began to receive 
30 wg. of vitamin Biz intramuscularly daily. 
His reticulocyte count rose from 1.3 per cent toa 
peak of 5 per cent on the sixth day of treatment. 
One month later the “shocks” in his extremities 
had virtually disappeared. By September, 1953, 
walking had improved and he no longer stum- 
bled. He continued at times to experience pins- 
and-needles sensations in his wrists and in both 
legs from mid-calf down. The Romberg test 
was now negative; vibratory and position sense 
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were normal in both upper extremities but still 
absent below the knees bilaterally. His hemo- 
globin was 15.9 gm.; red blood count 4.1 M. 

Case nu. U. F. (No. 122113), a seventy year 
old woman, was admitted May 25, 1953, com- 
plaining of unsteadiness of gait, pins-and-needles 
sensations in both lower extremities and in the 
left hand of five months’ duration. She had 
previously been admitted in January, 1953, for 
an acute right calf thrombophlebitis. At that 
time the blood pressure was 180/80; there was a 
harsh aortic systolic murmur transmitted to the 
neck. The right calf was tense, swollen, red and 
warm. The remainder of the physical examina- 
tion was normal. Hemoglobin was 13 gm.; 
hematocrit 38 per cent. She received anti- 
coagulant therapy and bedrest. After discharge 
the patient experienced pins-and-needles sensa- 
tions in both lower extremities and in her left 
hand, and her gait became unsteady. These 
symptoms gradually increased in intensity till 
readmission to the hospital in May, 1953. She 
received no treatment during this period. At this 
time physical examination was unchanged 
save that there were no signs of the previous 
thrombophlebitis. 

On neurologic examination her gait was un- 
steady. Deep tendon reflexes in the arms were 
intact as were the superficial abdominal 
reflexes. Knee jerks and ankle jerks were absent. 
There were no pathologic reflexes. Vibratory 
and position senses were decreased in both lower 
extremities. Pain and temperature sense was 
intact. Cranial nerves and muscle strength were 
normal. 

The hemoglobin was 12.3 gm.; red blood 
count 3.4 M; hematocrit 43 per cent; MCV 126; 
MCH 36; MCHC 28; white blood count 6,100. 
Bone marrow aspiration revealed a normal 
active marrow without megaloblasts. Gastric 
analysis showed no free acid after histamine. 
Spinal fluid was clear, showed normal pressures, 
contained one white blood cell and a protein of 
36 mg. per cent. The colloidal gold and Wasser- 
mann tests were negative. 

The serum Mazzini test was negative. X-rays 
of the spine revealed demineralization of the 
vertebrae, osteoarthritic changes in the cervical 
dorsal and lumbar regions, and a rotary 
scoliosis of the lumbar and dorsal spine. 

Vitamin thirty wg. intramuscularly daily, 
was started on May 29, 1953. Four days later the 
patient’s reticulocyte count had risen from 0.4 
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per cent to a peak of 2.6 per cent. She was dis- 
charged to receive 15 yg. of vitamin By intra- 
museularly, three times a week. On June 23rd 
her hemoglobin was 13.4 gm. and her red blood 
count 4.2 M. Her paresthesias had decreased, 
but walking was still poor. By September 22, 
1953, she was walking well, paresthesias had 
disappeared and position and vibratory senses 
were normal. The hemoglobin was 13.9 gm.; 
red blood count 4.2 M. 

Case m. C. B. (No. 125271), a sixty year 
old Negro housewife, was first seen in January, 
1953, complaining of numbness and coldness of 
her legs and pins-and-needles sensations in her 
hands of two months’ duration. In August, 1952, 
because of anorexia and weakness, she saw 
her local physician. Although blood counts are 
said to have been normal, she appeared anemic 
and was given liver and vitamin injections and 
ferrous sulphate. Her symptoms disappeared 
and treatment was stopped. By November, 
1952, her symptoms returned and in addition 
she developed small ulcerations on her tongue 
and buccal mucous membranes. At that time 
her hemoglobin was 9.5 gm.; red blood count 
3 M. She received liver and vitamin By: injec- 
tions and ferrous sulphate, and although the 
lesions in her mouth cleared, she continued to 
feel weak and noted numbness and coldness of 
her legs, and pins-and-needles sensations in her 
hands. Her gait was normal. 

Physical examination in January, 1953, re- 
vealed a well developed Negro woman. Her 
tongue and oral mucous membranes were 
normal. The thyroid gland was somewhat 
enlarged and nodular. No bruit was heard over 
the gland. There was diminished vibratory sense 
in both lower extremities; position sense was 
intact. Deep tendon reflexes were intact and no 
pathologic reflexes were present. The rest of the 
physical was negative. 

The hemoglobin was 12.2 gm. The serum 
Mazzini test was negative. Stool guaiacs were 
negative. Radioactive iodine uptake was 36 per 
cent in twenty-four hours. 

The patient was advised to stop her liver and 
vitamin injections and iron. In March, 1953, her 
symptoms were unchanged. The hemoglobin 
was 12.3 gm.; red blood count 4.25 M. When 
seen in June, 1953, she complained of numbness 
in both lower extremities and hands. Now the 
hemoglobin was 9.8 gm. and red blood count 
2.6 M. She had received no treatment since 
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January, 1953. The patient was admitted to the 
hospital in July, 1953. Physical examination was 
unchanged and neurologic examination was 
normal. 

Gastric aspiration revealed no free acid after 
histamine. A spinous process bone marrow 
aspiration on July 21, 1953, revealed a normo- 
blastic marrow. No megaloblasts were seen. The 
patient received 100 wg. of vitamin Bye intra- 
muscularly on July 25th, and 15 wg. weekly since. 
Her reticulocyte count rose from 1.6 per cent to 
a peak of 3.6 per cent six days after onset of 
therapy. By September, 1953, she no longer had 
any symptoms. The hemoglobin was now 13.6 
-gm.; red blood count 4.1 M. 

Case Iv. A. N. (No. 129016), a forty-six year 
old housewife, was admitted in February, 1953, 
complaining of difficulty in walking of seven 
months’ duration. For seven months prior to 
admission the patient had experienced numb- 
ness and stiffness of both legs, difficulty in walking 
and transient numbness of her fingers. She had 
received no therapy. 

The patient was a well developed woman. 
Physical examination revealed weakness of both 
lower extremities below the knees, absent 
ankle jerks, bilateral Babinski reactions, im- 
paired position sense and absent vibratory sense 
of both lower extremities. The hemoglobin was 
10.9 gm.; red blood count 3.0 M; hematocrit 
37 per cent; MCV 122; MCH 36; MCHC 30; 
white blood count 5,500; platelets 217,000. 
Bone marrow aspiration revealed no megalo- 
blasts. There was no free acid on gastric analysis 
after histamine. One stool guaiac was + +, three 
others were negative. Stool for ova and parasites 
was negative. The serum Mazzini test was 
negative. Radioactive iodine uptake was 39 per 
cent in twenty-four hours. The cephalin floccula- 
tion test was +-+-+. There was no retention of 
bromsulfalein after thirty minutes. The serum 
alkaline phosphatase was 2.2 Bodansky units. A 
gastrointestinal x-ray series was normal. 

On February 25, 1953, the patient was started 
on a regimen of vitamin Bio, 60 ug. intra- 
muscularly daily. Seven days later her reticulo- 
cyte count had gone from 0.2 per cent to a peak 
of 3.7 per cent. On March 4, 1953, the hemo- 
globin was 12.9 gm. The patient was discharged 
to receive 50 wg. of vitamin By2 three times a 
week. By July, 1953, her walking had improved 
considerably and she no longer had numbness 
of her fingers. In October, 1953, position sense 
had improved but was still impaired, and 


vibratory sense was now appreciated down 
to both malleoli. Hemoglobin was 16 gm.: 
red blood count 5.5 M. 


COMMENTS 


[t is said that, in general, with lesser degrees of 
anemia the marrow is correspondingly less 
hyperplastic and fewer erythroblasts and mega- 
loblasts are present.‘ There are, however, few 
reports of the bone marrow changes that may be 
met in the face of minor degrees of anemia. In 
anemia of a degree perhaps comparable to that 
seen in the patients presented here, Dameshek 
and Valentine report that about 25 to 35 per cent 
of marrow cells are likely to be megaloblasts.*‘ 

Neurologic disturbances as part of pernicious 
anemia may be present in the face of slight 
anemia. Conley and Krevans’ have reported on 
two such patients in whom the bone marrow was 
normal. However, their patients had been treated 
beforehand with vitamin preparations, including 
folic acid, and the interpretation of the finding 
of a normal marrow is open to question. The 
four patients now reported all denied specifi- 
cally the use of vitamin preparations. 


SUMMARY 


Bone marrow aspirations of four patients 
with pernicious anemia in relapse failed to 
reveal megaloblasts. Three of the four patients 
had nervous system disease. Awareness of the 
possibility of encountering normal marrow in 
pernicious anemia in relapse is important, 
especially because the patients may have, with 
minor degrees of anemia, neurologic disease that 
requires early intensive treatment. 
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Vallestril insures 
maximal estrogenic 
potency with 
minimal activity on 
the endometrium 
and thus singular 
freedom from 
withdrawal bleeding. 


Unique “Target Action” of Vallestril® 


Vattestrit has been found to exert its selective 
“target action” on the vaginal mucosa. Con- 
versely the effect on the uterus or endome- 
trium is negligible. 

In pharmacologic studies, using the Allen- 
Doisy technic, Vallestril was found to be more 
active than estradiol and twice as potent as 
estrone on the vaginal mucosa. On the other 
hand, using the Rubin technic, Vallestril was 
found to have only one-tenth the activity of 
estrone on the uterus, a suggested explanation of 
its low incidence of withdrawal bleeding. 

In clinical evaluation, covering a period of two 
and one-half years, Vallestril was found* to be 
“an effective synthetic estrogen .. . singularly 
free. from toxic effects and complications, espe- 
of the medication appeared within three or four 


days in most menopausal patients . . . . failure to 
encounter withdrawal bleeding in any patient 
was most gratifying. ...” 

Such unwanted reactions as nausea, mastalgia 
and edema also occur less frequently with 
Vallestril. 

Vallestril is preferentially indicated whenever 
estrogens are of value: The menopausal syn- 
drome; pain of postmenopausal osteoporosis ; 
pain of osseous metastases of prostatic cancer. 

Dosage: Menopause—3 mg. (1 tablet) two or 
three times daily for two or three weeks, followed 
by 3 or 6 mg. daily for one month. Supplied 
only in scored tablets of 3 mg. G. D. Searle & 
Co., Research in the Service of Medicine. 


*Sturnick, M. I., and Gargill, S. L.: New England J. 
Med. 247:829 (Nov. 27) 1952. 
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Prompt 
Symptomatic Relief 
with 
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Taken at the onset of symptoms, Multihise + APC 
quickly suppresses the troublesome rhinorrhea of the 
common cold and relieves such general symptoms as 
headache, backache, and other discomfort. Bach capsule 
provides 15 mg. of the Multihist combination (5 mg. 
each of Pyrilamine maleate, Prophenpyridamine maleate, 
and Phenyltoloxamine dihydrogen citrate) together with 
aspirin 3% gr., phenacetin 2% gr., and caffeine % gr. 
Because each antihistamine is provided in an amount 
virtually incapable of producing drowsiness or lethargy, 
the incidence of side effects is greatly reduced. Average 
dose, 2 capsules initially, fol amen | by 1 capsule at 
4-hour intervals. Available on prescription through all 


pharmacies. 
SMITH-DORSEY 


Lincoln, Nebraska 
A Division of THE WANDER COMPANY 


MULTIPLE ANTIHISTAMINE 
ANALGESIC * ANTIPYRETIC 


« « 
‘ 


multiple 
antihistamine 
therapy means 
reduced 
incidence of 


side effects 
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Serpasi 


l-Apresoline’ 
hydrochloride 


(RESERPINE AND HYDRALAZINE HYDROCHLORIDE CiBA) 


in 
4 
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wherever 
Codeine + APC 
is indicated 


PERCODAN 


FOR PAIN 


Provides faster, longer-lasting, and 
more profound pain relief. Obtainable on 


prescription. Narcotic blank required. 


*Salts of dihydrohydroxycodeinone 
and homatropine, plus APC. 


Literature? Just write to 


ENDO PRODUCTS INC., 
Richmond Hill 18, N.Y. 


HOSPITAL & INSTITUTIONAL TESTED 
No special operating skill required ... The skill is in the sharpener 


Dulled needles, up to 2” in length, are accurately 
honed to precise sharpness in 6 seconds or less, 
with the Franz Hypodermic Sharpener. 

It automatically puts the ideal point on your 
needles . . . you get sharp, clean edged needles 
that make inoculation easier for you — easier on 
your patients. 

The sharpener may be held in the hand or 
permanently mounted on a desk or table. 


Order your Franz Hypodermic Sharpener today — 
it will save you time, money and patients. The 
price is only $24.95, postage paid. 


FRANZ MFG. CO. 
| s3 Wallace Street 
| New Heven, Conn. 


| Enclosed is check — M. O. for..............dollars. Please 
send me.............sharpeners at $24.95 each. 


| Street. 
FRANZ MFG. CO. 
53 Wallace St. New Haven, Conn. 
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COMpdare before you prescribe 


modern criteria of good digitalis therapy 


| pure active principle 


complete absorption 
3 rapid onset of action 


@. smooth, even maintenance 
& frequent dosage readjustment unnecessary 


¢. virtual freedom from gastric upset 


digitaline nativelle 


conforms to the rigid criteria of a modern cardiotonic and 


provides oral, I.M., and I.V. forms for flexibility of dosage 


DIGITALINE NATIVELLE 


—the original pure crystalline digitoxin 


Consult your Physicians’ Desk Reference for dosage informatio! 
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Now available as 


POLYCYCLINE 
SUSPENSION ‘250° 


(TETRACYCLINE Bristol ) 


—the ONLY oral suspension of tet- 
racycline that is ready-to-use. 
Requires no reconstitution, no ad- 
dition of diluent, no refrigera- 
tion—stable at room temperature 
for 18 months. Has appealing 
“crushed-fruit”’ flavor. Supplied in 
bottles of 30 cc., in concentration 
of 250 mg. per 5 cc. 
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Improve 


capthlary 


resistance 


captllary fragility 


captthary hemorrhage 


vascular accidents 


(CITRUS FLAVONOID 
COMPOUND 
WITH VITAMIN C) 


Five years of laboratory and clinical investi- 
gations establish the complete safety and value 
of C.V. P. in increasing capillary resistance and 
reducing abnormal bleeding due to capillary 
fragility. 

C.V. P. provides natural bio-flavonoids (whole 
natural vitamin P complex) derived from citrus 
sources—potentiated by vitamin C—which act 
synergistically to thicken the intercellular 
ground substance (cement) of capillary walls, 
decrease permeability...and thus increase 
capillary resistance. 


each C.V. P. capsule provides: 


may protect against abnormal bleeding 
and vascular accidents in... 


e hypertension 

e retinal hemorrhage 
diabetes 
e radiation injury 


e purpura 
e tuberculous bleeding 


“Many instances of hemorrhage and 
thrombosis in the heart and brain 
may be avoided if adequate amounts 
of vitamin P and C are provided.” 


Citrus Flavonoid Compound* 100 mg. 


Ascorbic Acid (C) 100 mg. 


*(water soluble whole natural vitamin “P”’ 
complex, more active than insoluble rutin 
or hesperidin) 


Professional samples and literature 
on request. 


u. s. vitamin corporation 


Arlington-Funk Laboratories, division 
250 East 43rd Street, New York 17, N.Y. 


NEW! C.V.P. SYRUP, pleasant tasting, especially useful to help ent bleeding 
after tonsillectomy. Each 5 cc. (one teaspoonful) squivalent to one CVP. capsule. 
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500 and 1000 


MEW ..council-accepted 


oral anticoagulant 


(not a coumarin derivative) 


with a wide range of safety 


EDULIN 


(Brand of Phenindions 2 phenyl) 3 indandion:: 


Permits dependable prothrombin control 
with little risk of dangerous fluctuations 


e HEDULIN is not cumulative in effect— provides 
greater uniformity of action and ease of maintenance 


e HEDULIN is rapidly excreted—therapeutic effect 
dissipated within 24-48 hours if withdrawal 
becomes necessary 


e HEDULIN acts promptly, producing therapeutic 
prothrombin levels in 18-24 hours 


e HEDULIN requires fewer prothrombin determinations— 
only one in 7 to 14 days, after maintenance 
dose is established 


e HEDULIN’s anticoagulant action is rapidly 
reversed by vitamin K, emulsion 


DOSAGE: 4 to 6 tablets (200 to 300 mg.) 
initially, half in the morning and half at 
night; maintenance dosage (on basis of 
prothrombin determinations daily for first 
three days), 50 to 100 mg. daily, divided 
us above. 


Available on prescription through all phar- 
macies, in original bottles of 100 and 1000 
50-mg. scored tablets. 


Complete literature to physicians on request 


ow 


Yalber LABORATORIES, INC., MOUNT VERNON, N. Y. 


"Registered trademark of Walker Laboratories, Inc. 
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Doctor ) do you feel that your colleagues are miss- 


ing important new medical findings by not 
reading The American Journal of Medicine? 


Let us send them a complimentary copy—of 
course there is no obligation to you or your 
colleagues. Just fill out the coupon and mail 


it to us. 


Dr. Dr. 
Address 

Dr. Your Name 
Address Address. 


A.J.M. 


The American Journal of Medicine 


49 West 45th Street, - New York 36, New York 


Especially for stubborn night cough 
SEDULON 


OF Oimverviowe 
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in Myocardial infarction 


C-Reactive-Protein Antiserum — Schieffelin 
A highly sensitive test for presence of inflammation 


@ Investigators have found this test to be consistently negative in cases of 
cardiac insufficiency uncomplicated by myocardial infarction and inflam- 
mation." 


@ based upon presence of specific C-reactive protein in serum of patients 
with certain inflammatory diseases — characteristic precipitin reaction 
develops upon addition of C*-R*P*A to serum of such patients .. . 
C-reactive protein is never found in normal serum.” | 

@ simple, economical, routine laboratory procedure that has been demon- 
strated to be the most consistently positive test in the presence of rheu- 
matic activity’ . . . often reveals presence of subclinical inflammatory 
reactions . . . detects relapse or recurrence of inflammatory disease . . . 


and aids in gauging adequacy of therapeutic regimens. 


@ “False positive tests do not occur since CRP is not present, even in trace 
amounts, in normal sera’ . . . accurate qualitative reading may be made 
within 30 minutes... preliminary quantitative estimate obtained within 
2 hours. 


For detailed instructions on the materials and techniques required for the 
you a descriptive brochure. 
1. Kroop, 1. G. and Shackman, N. H.: Proc. Soc. Exper. Biol. & Med. 86:95 (May) 1954. 
2. Wood, H. F., and McCarty, M.: J. Clin. Investigation 30:616 (June) 1951. 


3. Seollerman, G. H., et al.: Am. J. Med. 15:645 (Nov.) 1953. 
es 4. Hedlund, P.: Acta med. Scandinav., Supplement 196:579, 1947. 


Supplied: 1 cc. vials (30-40 determinations ) 
—Go., pharmaceutical and Research Laboratories since 1794 


18 Cooper Square, New York 3, N. Y. * trademark 
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Dou, asa physician, are thoroughly 
trained and experienced in detecting the 
clinical conditions that affect your 
patients’ physical being. They depend on you completely for a 
knowledge and guidance not possessed by themselves. Conversely, do you not 
similarly look to professional men in other fields for aid when the need arises ? 


For example, when there’s the question of quality in the consideration of a new piece 
of diagnostic equipment — such as an electrocardiograph — 
an engineer can tell better than anyone, sometimes with just a superficial examination, 
how well the instrument is designed and made. He notices such things 
as workmanship, the quality of materials, and the grade of the components. As an engineer 
he would be sure to see the value in unitized construction in the Viso-Cardiette — 
amplifier, control panel and recorder as three basic assemblies — 
and the advantages of inkless recording in true rectangular coordinates. 
He would remark about the minimum of moving parts, the ruggedness 
of construction, and the precision instrument quality 

of the purchased components. 


If you are trying to decide which electrocardiograph 
to buy, we invite this type of comparison 


between the Viso-Cardiette and any other 


* 

This EXCLUSIVE plan 
places a Viso-Cardiette in 
your honds for 15 days. 
At the end of that trial 
period, if you ore not 
completely satisfied with 
the instrument, you simply 
return it to us and that is 
alll You‘re under NO 
OBLIGATION. 


instrument. To make such an examination 


of the Viso possible, you may have a Viso 
for a 15-day trial* without any 
obligation whatsoever. 


SANBORN Cambridge 39, Massachusetts 
COMPANY 
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an advance in therapy of 
adrenocortical insufficiency 


intramuscular repository 


“A month’s therapy with a single injection.” Therapy of chronic 
adrenocortical insufficiency has been improved and made more convenient to both patient and 


physician by Ciba’s introduction of Percorten trimethylacetate in the form of a long-acting micro- 
crystalline suspension.'~* e A single injection of this new long-acting steroid hormone derivative 
provides maintenance therapy for about a month. e This protracted and constant therapeutic 
effect is achieved because the suspension, when administered by deep intramuscular injection, 
simulates a miniature pellet in that a small fraction of the total dose is absorbed daily. e Patients 
who have Addison's disease and who are not in crisis can now be treated on a highly satisfactory 


ambulatory basis. 


indications: (hronic primary and secondary adrenocortical in-uficiency, and 
hypotension associated with adrenal insufficiency. Supplied: Multiple-dose 
vials— 4 ml. containing 25 mg. ml. as an aqueous suspension for intramuscular 
use only. Notes Percorten (desoxycorticosterone Ciba) is available in 4 admin- 
istration forms: (1) Percorten trimethylacetate, long-acting intramuscular 
repository, aqueous suspension; (2) Percorten acetate in oil solution, for intra- 
muscular injection; (3) Percorten acetate Linguets,® for sublingual or para- 
buccal absorption; (4) Percorten acetate pellets, for subcutaneous implantation. 
Ask your Ciba professional service representative or write the Medical Service 
Division for complete information on the use of Percorten trimethylacetate. 


1. Gross, F, and Tschopp, E.: Experientia 8:75, 1952. 2, Thorn, G. W. and 
Jenkins, D.: In press. 3. Thorn, G. Wi; Jenkins, D.; Arons, W L.. and Fraw- 
ley, L Schweiz. med. Wehnsechr. 822697, 1952. Gaunt, R.; Leathem, J.; 
Howell, C., and Antonchak, N.: Endocrinology 50-521, 1952. §. Sorkin, S. Z., 
and Soffer, L. J.: Am. Fed. Clin. Research, May 4, 1952. 


Oilba Summit, New Jersey 
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24-hour control 


for the majority of diabetics 


GLOBIN INSULIN 


‘B.W. 


a clear solution...easy to measure accurately 


Discovered by Reiner, Searle, and Lang 
in The Wellcome Research Laboratories 


BURROUGHS WELLCOME & CO. (U.S.A.) INC. Tuckahoe 7, New York 
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For well-tolerated 
therapy of such eommon 
infections as: 


Pneumococcal infections, 
including pneumonia, with 

or without bacteremia; 
streptococcal infections, 
with or without bacteremia, 
including follicular 

tonsillitis, septic sore 
throat, scarlet fever, 
pharyngitis, cellulitis, 

urinary tract infections 

due to susceptible organisms, 
and meningitis; many 
staphylococcal infections, 
with or without bacteremia. 
including furunculosis, 
septicemia, abscesses, impetigo, 
acute otitis media, 
ophthalmic infections, 
susceptible urinary tract 
infections, bronchopulmonary 
infections, acute bronchitis, 
pharyngitis, laryngotracheitis, 
tracheobronchitis, sinusitis, 
tonsillitis, otitis media, 

and osteomyelitis; 

certain mixed bacterial 
infections; soft tissue 
infections due to 


susceptible organisms. 


Brand of tetracycline 


is now available on prescription from 


(Pfizer Laboratories, Division, Chas. Pfizer & Co., Inc., 


world’s largest producer of antibiotics, 


discoverers of oxytetracycline and 


the first to describe the structure of 


tetracycline, nucleus of modern 


broad-spectrum antibiotic therapy. 


Tetracyn 1s supplied as Capsules, 


Tablets, Oral Suspension (chocolate 


flavored), Pediatric Drops (banana 


flavored), Intravenous, Intramuscular, 


Ophthalmic Ointment, and Ointment 


(topical). 


SIRADE Mann 


Pfizer 


PFIZER LABORATORIES, Brooklyn 6, N. Y. 


_~ Division, Chas. Pfizer & Co., Inca 
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ryt rocin Stearate 


disintegrates faster than enteric-coated erythromycin 


TISSUE-THIN FILMTAB COATING (marketed only by Abbott) 
actually starts to dissolve within 30 seconds after administration 
—makes ERYTHROCIN available for immediate absorption. 

Tests show that new Stearate form definitely protects 
ERYTHROCIN from gastric juices. 


BECAUSE THERE’S NO DELAY FROM AN ENTERIC COATING, 
your patient gets high, inhibitory blood levels within 

2 hours— instead of 4-6 as before. Peak concentration at 4 hours, 
with significant levels for 8 hours. 


USE FILMTAB ERYTHROCIN STEARATE against the cocci... 

and especially when the organism is resistant to other 
antibiotics. Low in toxicity— it’s less likely to alter normal 
intestinal flora than most oral antibiotics. Conven- 

iently sized (100 and 200 mg.) in bottles of 25 and 100. Abbett 


erence *T'M for Abbott’s film sealed tablets, pat. applied for 
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optimal 


® Rauwiloid is not the crude rauwolfia root. 
Rauwiloid presents the total hypotensive activity of 
the pure whole Rauwolfia serpentina (Benth.) root 
—but it is freed from the inert dross of the whole root 
and its undesirable substances such as yohimbine- 
type alkaloids. 


© Rauwiloid is not merely a single contained alka- 
loid of rauwolfia. Rauwiloid provides the balanced 
action of the several potent alkaloids in rauwolfia; 
reserpine—regardless of the brand name under 
which it is marketed—is only one of the desirable 
alkaloids in Rauwiloid. 

@ Rauwiloid contains, besides reserpine, other 
active alkaloids, such as rescinnamine,'-* reported 
to be more potent than reserpine. 


@ Rauwiloid is the original alseroxylon fraction 
of unadulterated Rauwolfia serpentina (Benth.)— 
rauwolfia in its optimal form—virtually no side 
actions—no known contraindications. It rarely needs 
dosage adjustment. The dose for most patients is 2 
tablets (2 mg. each) at bedtime. 

If you have prescribed rauwolfia in other forms, it will 


not take many patients to convince you that Rau- 
wiloid serves better. Please write for clinical samples. 


1. Klohs, M. W.; Draper, M. D., and Keller, F.: J. Am. Chem. Soc. 76:284% 
(May 20) 1954. 

2. Cronheim, G.; Brown, W.; Cawthorne, J.; Toekes, M. 1., and Ungari, J.: Proc. 
Soc. Exper. Biol. & Med. 86:110 (May) 1954. 


IN HYPERTENSION 


LABORATORIES, INC. LOS ANGELES 48, CALIF. 
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FOR 
istmas . THE IDEAL GIFT FOR 


YOUR COLLEAGUE OR DOCTOR FRIEND 


Canada $13.00 


An up-to-date medical journal any 
doctor will take pride in having in 
his library—beautifully printed and illus- 
trated—a publication that will provide 
both pleasure and inspiration. 


The American Journal of Medicine 
49 West 45th St. New York 36 


Yearly Subscription $12.00 U.S.A. 
Foreign including Latin-American Countries $15.00 
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ELECTRON PHOTOMICROGRAPH 


DLiplococcus pneumentae 35,000 x 


Diplococcus pneumoniae (Streptococcus pneumoniac) is a Gram-positive 


organism commonly involved in 


lobar—and bronchopneumonia + chronic bronchitis « mastoiditis « sinusitis 


outis media + and meningitis. 


It is another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


‘Upjohn 
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Through its three-fold action in arthritis... relief of pain, improvement of function, and reso- 
lution of infammation...BUTAZOLIDIN contributes significantly to the rehabilitation of the 
arthritic patient. 

In addition to its marked therapeutic effectiveness, the advantages of BuTAZOLIDIN include: 
Wide Scope of Usefulness—effective in the most crippling and chronic arthritides. 
Persistence of Effect —does not provoke tolerance on continued usage. 

Nonhormonal in Character— the therapeutic action of BuTAZOLIDIN is not mediated through 
the pituitary-adrenocortical axis. 

BUTAZOLIDIN being a potent agent, the physician should carefully select candidates for treatment and 


promptly adjust dosage to the minimal individual requirement. Patients should be regularly examined 
during treatment, and the drug discontinued should side reactions develop. 


Detailed literature on request. 
Butazo.ipin® (brand of phenylbutazone): Red sugar-coated tablets of 100 mg. 


in artbritis and allied disorders 


BUTAZOLIDIN 


(brand of phenylbutazone) 
nonhormonal anti-arthritic 


relieves pain - improves function « resolves inflammation 


GEIGY PHARMACEUTICALS 
Division of Geigy Chemical Corporation 
220 Church Street, New York 13, N. Y. 
In Canada : 

Geigy Pharmaceuticals, Montreal 
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on RECENT ADVANCES 
in the DIAGNOSIS and 
MANAGEMENT of... 


Includi KG: 


—- journalism is it possible to obtain so 
comp authoritative a compendium so con- 


veniently. Under the guest editorship of Emil A. 
Naclerio, M.D., F.C.C.P., THE eo JOURNAL 
OF SuRGERY dedicates its Jan and February 1955 
issues to this timely with advances 
in 


management 
Symposium should convince you of its all-inclusiveness 
and value for quick reference in all medical and sur- 


gical aspects of Bronchopulmonary Disease. 


Purchased separately these two S ium Issues 
cost $8.00. Your year’s subscription to AMERICAN 
NAL OF beginning the and 

ruary issues, wi ring you not only t important 
Symposium but ten additional issues of this practical 
surgical journal for only $7.00 more. Act now to make 
these Symposium Issues available for your own ready 
reference and study. Fill out and mail today the sub- 


scription order form on opposite page. 
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weight 
control 
obstacles 


Obedrin 
an d Patients can lose weight and maintain 


a restricted diet, in comfort, without 
undesirable side effects « oe e 


the 
60 10 70 EXCESSIVE DESIRE FOR FOOD 


b as i Cc Obedrin offers the full anorexigenic value of 
Methamphetamine to curb the desire for food, 

d ; e t while counteracting mood depression. Patient co- 
Operation is made easier. 


NERVOUS TENSION 

To avoid excitation and insomnia, Pentobarbital 
is the ideal daytime sedative. It counteracts over- 
stimulation by Methamphetamine, but does not 
diminish the anorexigenic action. 


VITAMIN DEFICIENCIES 


Obedrin tablets contain adequate amounts of 
vitamins B, and B, to supplement the 60-10-70 
Basic Diet, but not enough to stimulate the ap- 


petite. 


< EXCESSIVE TISSUE FLUIDS 


Large doses of Ascorbic Acid aid in the mobiliza- 
—_ tion of fluids, so often an obstacle in obesity. 
BULK NOT NECESSARY 


The 60-10-70 Basic Diet provides enough rough- 
Pads, Weight Charts pro & 
And ee age, so artificial bulk is unnecessary. The hazards 
of impaction caused by “bulk” producers is ob- 
viated. 


Sample Of 
Obedria 


Each tablet contains: 
Semoxydrine HC1........ 


5 
S. E. MASSENGILL CO. (Methamphetamine 


neobar 
Bristol, Tennessee Ascorbic Acid.............. 100 mg. 
Thiamine HCL............. 
Riboflavin.................... 
Niacia 


ELECTRON PHOTOMICROGRAPH 


Sit laphylococeus 35,000 X 


Staphylococcus aureus (Micrococcus pyogenes var. aureus) is a Gram-positive organism 
commonly involved in a great variety of pathologic conditions, including 
pyoderma abscesses * empyema otitis sinusitis septicemia 


bronchopneumonia ¢ bronchiectasis « tracheobronchitis « and tood poisoning. 


It is another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


BEG. U.S. PAT. OFF. 
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PROFOUND RELIEF AND 
QUICK REHABILITATION 


at 
+ 


Profound and rapid therapeutic 
success in bursitis, especially in 
the acute stage, is obtained with 
HP*ACTHAR Gel. Cases refractory 
to other types of therapy have re- 
sponded to HP*ACTHAR Gel, re- 
gardless of the severity of the 
condition. Calcium deposits may 
disappear. 

HP*ACTHAR Gel, a new reposi- 
tory ACTHAR with rapid response 
and sustained action, is as easily 
administered as insulin with a mini- 
mum of discomfort, whether injected 
intramuscularly or subcutaneously. 
It is economical too, far less time 
and money being spent to restore 
the patient’s working ability. 


(IN GELATIN) 


The small total dose required affords econ- 
omy and virtual freedom from side actions. 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR AND COMPANY - CHICAGO 11, ILLINOIS 
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ELECTRON PHOTOMICROGRAPH 


Life pneaumontae 35,000 X 


Diplococcus pneumoniae (Streptococcus pneumoniae) is a Gram-positive 
organism commonly involved in 
lobar—and bronchopneumonia ¢ chronic bronchitis mastoiditis sinusitis 


otitis media + and meningitis. 


It is another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


TRADEMARK, REG. U. &. PAT. OFF, Pi 
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THERAPY DEPTH 


in angina pectoris one 
status anginosus 


ENTOXYLON—combining the tranquilizing, 
stress-relieving, bradycrotic effects of Rau- 
wiloid® and the prolonged coronary vasodilat- 
ing effect of pentaerythritol tetranitrate 
(usually abbreviated PETN)— provides a 
completeness of treatment heretofore un- 
available to angina patients. 

Therapy in depth—a wholly new principle 
in angina therapy —for the first time encom- 
passes effective treatment for cause-and-effect 
mechanisms, which goes deeper than the 
superficial plane of relief afforded by simple 


© Reduces nitroglycerin needs coronary vasodilatation. 

® Reduces severity of attacks Pentoxylon is not a substitute for nitro- 

® Reduces incidence of attacks glycerin. Continued therapy with Pentoxylon 

® Increases exercise tolerance can be expected to reduce markedly or abol- 

® Reduces tachycardia ish nitroglycerin requirements, and greatly 

© Reduces anxiety, allays appre- relieve the apprehension of the patient who 

7 hension lives in continuous dread of the next attack. 
Each long-acting tablet of Pentoxylon 

@ act tower contains pentaerythritol tetranitrate (PETN) 
in 10 mg. and Rauwiloid 1 mg. 

© Produces objective improve- Dosage: one to two tablets q.i.d., usually 
ment demonstrable by EKG. at mealtime and before retiring. 

0: igaagagmaammaaaaaaamaa Available in bottles of 100 tablets. 


RIKER LABORATORIES, INC., LOS ANGELES 48, CALIFORNIA 
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--. would be required to equal the 100 mg. nicotinamide content of a 
single capsule of “BEMINAL” FORTE with VITAMIN C, which also supplies 
therapeutic amounts of other essential B factors and ascorbic acid as follows: 


Pyridoxine HCI (Bg) 
equivalent to about 14 servings of spinach 


equivalent to almost 4 quarts of milk 


Vitamin C (ascorbic acid) .............. 100.0 mg. 
equivalent to more than 15 apples 


Recommended whenever high B and C levels are 
required and particularly pre- and postoperatively. 
Suggested dosage: 1 to 3 capsules daily, or more 
as required. 

or No. 817—supplied in bottles of 100 and 1,000 


AYERST LABORATORIES + NEW YORK, N. Y. » MONTREAL, CANADA 


Thiamine mononitrate (B,) ............ 25.0 mg. 
equivalent to more than 400 eggs ae 
Riboflavin (Bz) 12.5 mg. 
equivalent to at least 8 slices of liver ey ey 
| / 
Nicotinamide mg. 
. 
Calc. pantothenate .......................... 10.0 mg. 


ACHROMYCIN 


TETRACYCLINE 


TABLETS 


A widely prescribed form of the 
outstanding broad-spectrum antibiotic 


Sugar-coated, easy-to-swallow ACHROMYCIN 
Tablets are available in three potencies: 50, 100, 
and 250 mg. 


In each of its many forms, ACHROMYCIN exhibits 
notable characteristics: it diffuses rapidly in body 
tissues and fluids; gastrointestinal irritation is rare 
and mild in nature. 


ACHROMYCIN has proved effective against a wide 
variety of infections including those caused by 
Gram-positive and Gram-negative bacteria, rickett- 
sia, and certain virus-like and protozoan organisms. 


OTHER DOSAGE FORMS 
CAPSULES: 50, 100, and 250 mg. 
PEDIATRIC DROPS: (see opposite page) 


ORAL SUSPENSION: (see opposite page) 


SPERSOIDS* Dispersible Powder (Chocolate Flavor): 50 mg. per rounded 
teaspoonful (3 Gm.), 12 and 25 dose bottles 


SOLUBLE TABLETS: 50 mg. 
INTRAVENOUS: vials of 100, 250, and 500 mg. 


INTRAMUSCULAR: vials of 100 mg. (for dilution with 2 cc. of sterile 
water or saline) 


TOPICAL OINTMENT (3%): % and 1 oz. tubes 
OPHTHALMIC OINTMENT (1%): % oz. tubes 
EAR SOLUTION (0.5%): 10 cc. dropper bottles 


SREG. U.S. PAT. OFF. 


Tetracycline Lederle 
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LEDERLE 


LABORATORIES DIVISION 


amenscan (yanamid company PEARL RIVER, N.Y. 


ACHROMYCIN 


ORAL SUSPENSION 
and 


PEDIATRIC DROPS 


& popular cherry flavor 


ACHROMYCIN is available in two cherry- 
flavored dosage forms that are highly ac- 
ceptable to patients— particularly children. 


The Pediatric Drops are packaged with 
an easy-to-read graduated dropper. The 
Oral Suspension, supplied as dry crystals 
ina 1 oz. bottle. Both Oral Suspension and 
Pediatric Drops, when reconstituted by the 
pharmacist or nurse, retain potency for 
two weeks at room temperature. 


ACHROMYCIN, an outstanding broad- 
spectrum antibiotic, is relatively free from 
untoward side reactions and provides rapid 
diffusion in body tissues and fluids. 


ORAL SUSPENSION (Cherry Flavor): 250 mg. per 
teaspoonful (5 cc.), 1 oz. bottles 


PEDIATRIC DROPS (Cherry Flavor): 100 mg. per 
cc. (approx. 5 mg. per drop), 10 cc. bottles 


PREG. U.S. PAT. OFF. 
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Ree 


agent in internal 
medicine 


Allays agitation 
and apprehension 
(nonsoporific sedation) 


@ In the majority of hyperten- 
sives, Serpiloid lowers tension, 
tranquilizes, relieves associ- 
ated symptoms 


@ In the normotensive, it does 
not lower blood pressure sig- 
nificantly 


@ No contraindications 


@ For long-term use, virtually 
free from side actions 


@ Simple dosage . . . One tablet 
(0.25 mg.) t.i.d. 


Clinical samples on request. 


STATEMENT OF OWNERSHIP 


STATEMENT OF THE OWNERSHIP, MANAGE- 
MENT, AND CIRCULATION REQUIRED BY 
THE ACT OF CONGRESS OF AUGUST 24, 1912, 
AS AMENDED BY THE ACTS OF MARCH 3, 
1933, AND JULY 2, 1946 (Title 39, United States 
Code, Section 233) 


Of The American Journal of Medicine, published 
monthly at New York, N. Y., for Oct. 1, 1954. 


1. The names and addresses of the publisher, editor, 
managing editor, and business managers are: Pub- 
lisher, The American Journal of Medicine, Inc., 49 
W. 45th Street, New York 36, N. Y.; Editor, Alex- 
ander B. Gutman, M.D., Mount Sinai Hospital, 100th 
Street & Fifth Ave., New York 29, N. Y.; Managing 
editor, Florence A. Wey, 49 West 45th Street, New 
York 36, N. Y.; Business manager, Pliny A. Porter, 
49 West 45th Street, New York 36, N. Y. 


2. The owner is: (If owned by a corporation, its 
name and address must be stated and also immedi- 
ately thereunder the names and addresses of stock- 
holders owning or holding 1 percent or more of total 
amount of stock. If not owned by a corporation, the 
names and addresses of the individual owners must be 
given. If owned by a partnership or other unincorpo- 
rated firm, its name and address, as well as that of 
each individual member, must be given.) ‘The Amer- 
ican Journal of Medicine, Inc., 49 West 45th Street, 
New York 36, N. Y.; M. T. Wisotzkey, President and 
Sole Owner, 49 West 45th Street, New York 36, N. Y. 


3. The known bondholders, mortgagees, and other 
security holders owning or holding 1 percent or more 
of total amount of bonds, mortgages, or other secu- 
rities are: (If there are none, so state.) None. 


4. Paragraphs 2 and 3 include, in cases where the 
stockholder or security holder appears upon the books 
of the company as trustee or in any other fiduciary 
relation, the name of the person or corporation for 
whom such trustee is acting; also the statements in 
the two paragraphs show the affiant’s full knowledge 
and belief as to the circumstances and conditions 
under which stockholders and security holders who do 
not appear upon the books of the company as trustees, 
hold stock and securities in a capacity other than that 
of a bona fide owner. 


5. The average number of copies of each issue of 
this publication sold or distributed, through the mails 
or otherwise, to paid subscribers during the 12 months 
preceding the date shown above was: 

(This information is required from daily, weekly, semi- 
weekly, and triweekly newspapers only.) 
M. T. WISOTZKEY, President 


Sworn to and subscribed before me this 26th day of 
August, 1954. 
ROSE V. CELENTANO 


Notary Public 
[SEAL] 
(My commission expires March 30, 1956.) 
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use FURADANTIN first... 


IN URINARY 4 TRACT INFECTIONS 


| 


for clearing 
the 


urine 


in 30 minutes: antibacterial concentrations 
in the urine 
in 24 howrs: the urine is frequently clear 


in 3 to GS days: complete clearing of pus 
cells from the urine 


in 7 days: sterilization of the urine in 
the majority of cases 

With Furadantin there is no proctitis, 
pruritus ani, or crystalluria. 

Average adult dosage: Four 100 mg. tablets 


daily, taken with meals and with food or 
milk before retiring. 


50 and 100 mg. tablets. 
Oral Suspension, 5 mg. per cc. 


EATON LABORATORIES 
NORWICH, NEW YORK 


FURADAN TIN 


brand of nitrofurantoin, Eaton 
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Because it is widely known 
throughout the world 

and has demonstrated its 
effectiveness in rapidly 


of common infections, fam 


this broad-spectrum 
physicians the world over. 


cognita 


Supplied in the many convenient forms required in the 
practice of modern medicine: Capsules, Tablets (sugar 
coated), Pediatric Drops, Oral Suspension, Intravenous, 
Intramuscular, Ophthalmic (for solution), Ophthalmic 
Ointment, Ointment (topical), Vaginal Tablets, Troches, 
Otic, Nasal, Aerosol, Soluble Tablets and Topical Powder. 
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1a rapid absorption 


BRAND OF OXVYTETRACYCLINE 


wide distribution 


prompt response 


excellent toleration 


PFIZER LABORATORIES, Brooklyn 6, N.Y 


DIVISION. CHAS. PPIZER @ CO.. INC 
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For treatment of the petit mal 


GEM 
| “NS 


Have YOU 


A new drug of low toxicity for grand mal, 
petit mal, myoclonic and mixed seizures, 


é 


used these Effective in conditions symptomatic of 
organic brain damage. 

modern 

Anticonvulsants? 


If you have, you know that each—used 
wisely, carefully —adds inestimably to the 
scope and progress of treatment of various 


epileptic disorders. If these drugs are not ey chomotor 
yet familiar to you, we ask that you A potent anticonvulsant for 
remember them. Each has signalled a 7. epilepsy. grand mal, petit ma x 
te pl ecesstul where all ot 
dramatic advance in the field of antiepi- Dp seizures. Often su 
leptic medicine . . . each has specific uses, . : a F of therapy have failed. 


advantages. With them, you will be better 
able to fit your treatment to the seizure 
. . . ndividualize your anticonvulsant ther- 
apy. Write today for literature on any or 
all of these important anticonvulsants. 
Abbott Laboratories, 


North Chicago, Minois. 
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PROTAMIDE’ for NEURITIS 
therapy — where 


GOOD TO EXCELLENT RESULTS 
in 82.7% of pationts in two studies... 
70.4% with 5 injections or less*-? 


PROTAMIDE*® for HERPES ZOSTER 
cases unresponsive to a wide variety of ether 
medications? 


PROTAMIDE?® ts SAFE PROTAMIDE is a sterile colloidal solution of processed and 
with “ne untoward reactions er denatured proteolytic enzyme obtained from the glandular layer 
of fresh hog stomach. It is supplied in boxes of ten 1.3 cc. ampuls, 


evidence of texicity’”’? 
and the usval dosage is 1 ompul daily by intromusculor injection. 
Available through your regular source of supply. 
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Suspension Maatox—Rorer provides the 
hydroxides of Magnesium and Aluminum in 
colloidal form . . . pleasantly flavored and highly 
acceptable, even with prolonged use. 

Relief of pain and epigastric 

distress is prompt and long-lasting. 

Freedom from constipation and 

side effects common to other antacids 

is noteworthy. 


supplied: 

in 355 cc. (12 fluidounce) 
bottles. Also in bottles of 100 
tablets. (Each Maalox tablet is 


equivalent to 1 fluidram of WILLIAM H. RORER, INC. 


Suspension.) 
Drexel Bidg., Independence Square, Philadelphia 6, Penna. 


ESTABLISHED IN 1910 
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Gantrisin ‘Roche is a single, soluble, 
wide-spectrum sulfonamide -- especially 
soluble at the pH of the kidneys. That's 


why it is so well tolerated...does not 
cause renal blocking...does not require 


alkalies. Produces high plasma as well | an 


to Gantrisin’in recent literature, 


T 

as high urine levels. Over 250 references . 
| 
| 


It provides Gantrisin PLUS 


penicillin... 


bacterial therapy...in tablets of two 

strengths -- Gantricillin 12300. for severe 

Gantricillin (100) for mild cases -- 
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and in an easy-to-take suspension for — 
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PHOTOGRAPH BY CHARLES KERLEE 


Gives “remarkable increase in strength, vigor’... 


in “pernicious anemia or tropical sprve in 
relapse,” not even blood transfusions give the 
“remarkable increase in strength, vigor and ap- 
petite,”? induced by vitamin B::. 
REDISOL—vitamin B::—has hemopoeitic activ- 
ity of liver?; improves neurologic symptoms; no 


CRYSTALLINE VITAMIN B12 


evidence of toxicity. Valuable in trigeminal 
neuralgia to relieve pain. 

Quick information: Tablets, 25 and 50 mcg.; 
Injectable, 30, 100 and 1000 mcg. per cc.; 
Elixir, 5 mcg. per 5 cc. 

References: 1. J.A.M.A. 153: 185, 1953: 2. N.N.R. 1953, p. 486. 
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brand of tetrahydrozoline hydrochloride 


nasal patency 


in minutes — 
for hours 


Pfizer Lasoratories 
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1—c, TyzinE is a chemically unique and clinically unsurpassed 
4 nasal decongestant with proven patient-acceptance. 
With TyzineE, reduction of swollen nasal mucosa is rapid, 
and therapeutic benefits are prolonged. Taken at bedtime, 
TYZINE affords relief throughout the night. And TYZINE 
does not produce rebound congestion or other undesirable 
side effects —in short — 

a new standard for nasal decongestion. 


Supplied: TyzineE is available in aqueous solution of 0.1% 
in 1-oz. bottles. 


for nasal decongestion 


Division, Chas. Pfizer &Co., Inc., Brooklyn 6, New York 
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does not induce rhinorrhea action lasts longer free from side effects 
a 
chemically new 
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DORSEY 


Rauwolfia serpentina 


IN HYPERTENSION FOR SEDATION 


IN NORMOTENSIVES 


IN HYPERTENSIVES 


RAUTENSIN In Mild and Moderate Hypertension 
Each tablet contains 2 mg. of the alseroxylon fraction of Rauwolfia serpentina. 
The ideal Rauwolfia preparation for starting therapy in every patient. 


Dose: Two tablets (4 mg.) once daily. 


RAUVERA In Severe or Fixed Hypertension 
Provides per tablet 1 mg. of Rautensin and 3 mg. of mixed Veratrum alkaloids 
(alkavervir). The safest of the more potent hypotensive combinations. 


Dose: One tabiet, q.i.d., p.c. and at bedtime, at no less than four-hour intervals. 


CRYSTOSERPINE For Tranquilizing Sedation Without Somnolence 


Each tablet contains 0.25 mg. of crystalline reserpine. Especially valuable 
when emotional agitation and anxiety must be controlled. Produces sedation 


without somnolence. 
Dose: One to four tablets daily, depending on degree of sedation required. 


SMITH-DORSEY °¢ Lincoln, Nebraska A Division of THE WANDER COMPANY 


ELECTROM PHOTOMICROGRAPH 


Si lafrh ylococeus 35,000 X 


Staphylococcus aureus (Micrococcus pyogenes var. aureus) is a Gram-positive organism 
commonly involved in a great variety of pathologic conditions, including 
pyoderma abscesses * empyema otitis + sinusitis + septicemia 


bronchopneumonia + bronchiectasis + tracheobronchitis + and food poisoning 


It is another of the more than 30 organisms susceptible to 


PANMYCIN 


100 mg. and 250 mg. capsules 


Upjohn 
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‘For many years the natives of 
the Dutch Indies have used the 
squeezed juice of the Curcuma in 
the treatment of diseases of the 


Gallogen 
Gallogen (gal-o-jen) is the Massengill name for 
the synthesized active principle of the ancient drug 


Curcuma. The isolation and synthesis of the active 
inciol its the administration of pure, 
standardized form of the drug. Gallogen is a true 
choleretic, not a bile salt. 


Gallogen acts directly on the hepatic cells. It 
stimulates the flow of bile which is whole in volume 
and composition. The choleresis is in proportion 
to the functional capacity of the liver and is prompt 
and lasting. 


Gallogen is indicated whenever it is desirable 
to increase the flow of bile, encourage activity 
Ss \s SS of the gallbladder and promote normal function 
of the biliary system. 


send for 
professional 
literature 
and 

sample 


Supply: in bottles of 100 and 1000 tablets containing 
75 mg. of the diethanolamine salt of the mono-d-cam- 


phoric acid ester of p-tolylmethy! carbinol. 


THE S. E MASSENGILL COMPANY, Bristol, Tennessee 
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CLINICAL REPORT ON ANSOLYSEN... 
NEW ANTIHYPERTENSIVE AGENT 


ANSOLYSEN—pentolinium tartrate—is a potent 
ganglionic blocking agent which presents the advantage of 
comparative freedom from by-effects. This effective 
hypotensive agent is recommended for use in patients with 
moderate to severe hypertension. 

Comparing the effects of hexamethonium and ANSOLYSEN 
in 27 patients with severe "fixed" hypertension, Freis and 
coworkers! observed: 


ANSOLYSEN was approximately five times more potent 
than hexamethonium 


ANSOLYSEN produced less tolerance 

ANSOLYSEN's hypotensive effect was 40% longer 
ANSOLYSEN's hypotensive effect was more predictable 
ANSOLYSEN caused less pronounced by-effects 
ANSOLYSEN caused less constipation 


ANSOLYSEN lowered the blood pressure significantly, 
with little or no risk of producing collapse 
reactions or paralytic ileus 


HEXAMETHONIUM 
ORAL ANSOLYSEN 
ORAL 
TROUGH B.P (STANDING) 
3 6 9 12 — 
TIME IN HOUAS 


Changes in blood pressure noted by Smirk? after therapeutic 
oral doses of hexamethonium and ANSOLYSEN. 


Supplied: ——— tablets——-40 and 100 mg., bottles 


Injection—1l0 mg. per cc., vials of 10 cc. 


l. Freis, E. D., and others: Circulation 9:540 
(April) 1954 
2. Smirk, F.H.: New Zealand M.J. 52:1 (Oct.) 1955 


Sot 
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PENTOLINIUM TARTRATE 
Phitadeiphia 2, Pa. 
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PHOTOS BY V 


“Now | can swallow easily— my throat’s much better” 


TRACINETS. 


BACITRACIN-TYROTHRICIN TROCHES WITH BENZOCAINE 


Your patients will like TRACINETS because 
they really soothe irritated throats—taste 
good, besides. 

Two topical antibiotics combined, baci- 
tracin and tyrothricin, give your patients 
double antibacterial action, while benzo- 


caine provides a soothing, anesthetic effect. 
In severe throat infections, TRACINETS con- 
veniently supplement systemic therapy. 
Quick Information: Each troche contains 
50 units of bacitracin, 1 mg. of tyrothricin, 
5 mg. of benzocaine. In vials of 12. 
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an ounce 


of ...a year without fear 


prevention 


for the patient with angina pectoris 


With Peritrate, the long-acting coronary vaso- 
dilator, an ounce of prevention (28,350 mg. of 
Peritrate) lasts a full year or longer, since only 
10 or 20 mg. are needed to protect most patients 
for 4 to 5 hours. Yet, no arithmetic formula 
can adequately define the effectiveness of 
Peritrate in providing dramatic relief from 
pain and from the fear of anginal attacks. 


According to tests made by Russek and co- 
workers, Peritrate is unexcelled in exerting 
a prolonged prophylactic effect in angina pec- 
toris. The results achieved “. . . were compar- 
able to those obtained with glyceryl trinitrate 
(nitroglycerin), but the duration of action was 
considerably more prolonged.” Patients on 


Peritrate generally exhibit significant EKG im- 
provement,” and their need for nitroglycerin 
is often reduced.* A continuing year-round 
schedule of 10 or 20 mg. 4 times a day will 
usually: 

1. reduce the number of attacks (in 8 out of 

10 patients*”*) ; 
2. reduce the severity of attacks not prevented. 


Available in both 10 mg. and 20 mg. tablets 
and, for extended night-long protection, in En- 
teric Coated tablets (10 mg.). 


1. Russek, H. I.; Urbach, K. F.; Doerner, A. A., and Zoh- 
man, B. L.: J.A.M.A. 153:207 (Sept. 19) 1953. 2. Winsor, 
T., and Humphreys, P.: Angiology 3:1 (Feb.) 1952. 3. 
Plotz, M.: New York State J. Med. 52:2012 (Aug. 15) 1952. 


tetranitrate 


(BRAND OF PENTAERYTHRITOL TETRANITRATE) 


WARNE R-CHILCOTT 


